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PR0?E.1iy.pf THE. 

CiT'/:oF :vir!'n;aRfc 

'•■■"pRBFAC.i!.- 



Thb Anttof ofFors the following book Jia continuation, in 
K more genercjjy apcessible foTm,.qJE_the Series of Memoirs 
of Indostria] Ijler. '.ntrdduued irf hw Lives of tlis Engineers. 
While preparing that work b.e frequently came aorosa the 
traoke of celebrated inreutura, mecbanicB, and iron-workera 
— the fonndera, in a great measure, of the modern induBtiy 
of Britain — whose labours aeemed to him well worthy 
of being traced out and piaeed on record, and the more so 
36 their lives presented many pointe of curious and original 
interest. Having been encouraged to prosecute the subject 
by ofiers of assistance &om aonie of the most eminent living 
mechanical engineers, he is now enabled to present the 
following iurther series of memoirs to the public. 

Without essggerating the importance of this dasa of 
biography, it may at least be averred that it has not yet 
received its dtie share of attention. \M)ile commemorating 
the labours and honouring the names of those who have 
•tnTen to elevate man above the material and mecLanioal, 
tlie labours of the important indnstrial cla£B to whom 
•ooiety owes so much of its comfort and weU-faeing are 



also entitled to eonsideration. Without derogating from 
tlie biogniphio claims of those who minister to intellect 
and taste, those who ministgi; to ntjlity need not be over- 
looked. When a FiBfichtoja wa8:prai5iBg to Sir John 
Sinclair the artjst -.ffjio' inrented ^uSes, the Baronet 
shrewdly remark'eft "fboi some merit wad'aiso due to the 
man who added the sWrt. 

A diet)ngniBlied_U^g mechanic thus eipreaaoe himself 
to the Authoi' oif.'this point : — " Kings,- waiTiors, and 
statesmen hav& -K^teCgfore monopoliaed -not-" only the 
pages of history,' bOt;"jlmo^t those of biO^fiipliy. Surely 
some niche ought 'to rbp'jbiind for' £he-. Mechanic, with- 
out whose skill and lalt&tn- society,* as it is, could 
not esist. I do not begrudge destructive heroes their 
fame, but the constmotive ones ought not to be for- 
gotten ; and there is a heroism of skill and toil belong- 
ing to the latter class, worthy of as grateful record, — less 
perilous and romantic, it may be, than that of the other, 
but not less full of the results of human energy, bravery, 
and character. The lot of labour is indeed often a dull 
one; and it is doing a public service to endeavour to 
lighten it up by records of the stru^les and triarophs 
of our more illustrious workers, and the Tesults of their 
labours in the cause of human advancement." 

As respects the preparation of the following memoirs, the 
Author's principal task has consisted in selecting and ar- 
ranging the materials ao libei'ally placed at his disposal by 
gentlemen for th« most part personally aoqnaintsd with the 
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rabjectB of them, aiid but for whose aasistonce the book 
conld not have b«en written. The materials for the bio- 
graphy of Heniy Maudslav, for inetonce, have been partly 
supplied ty tJie late Mii Joshua I^eld, F.K.S. (his partner), 
but principally by t7r. James, N«smjih, C.E., hie distin- 
guished pupil, la like maimer Mr. JoLn Penn, C.E., has 
supplied the cluef materials for the memoir of Joseph 
Clement, aasiatfed by Mr. WilkinBon, Cleirent's nephew. 
The Author hw also had the valuable asaistance of Sir. 
Wiiliwn i'flirtairni r.E.S., Mr. J, 0. March, tool manufac- 
turer (Mayer oT'Leertfl), Mr. Eiohai-d ' ficberts, C.E., Mr. 
Henry Mandslay,, 'G.E., and Mr., it- . Kitson, Jun., iron 
manufaoturer, Ldedsi in the ■ -preparation of the othoT 
memoirs of mechanical engineers included in this volume. 
The materials for the memoirs of the early iron-workers 
have in like manner been obtained for the most part from 
original sources ; those of the Darbys and fieynoldses &om 
Mr. Dickinson of Coalbrookdale, Mr. William Eeynolds ot 
Coed-dl^, and Mr, William G. Norris of the former place 
as well as from Mr. Anstice of Madeley Wood, who haf 
kindly supplied the original records of the fiim. The 
subBtance of the biography of Benjamin Huntsman, the 
inventor of cast-st^el, has been furnished by his lineal 
representatives- and tlie facts embodied in the memoirs 
cf Henry Cort and David Mnsiet have been supplied by 
the sons of those inventors. To Mr, Anderson Kukwood of 
Glasgow the Author is indebted for the memoir of JomeB 
BeatiiDont Xeilson. inventor of the hot blast ; and to Mr. 






Ralph Mooro, Inspector of Mines in Sootland, for varioua 
information relative to the progress of the Scotch, iron 
manufacture. 

The memoirs of Dud JJifiJley arid' Andrew yarranton are 
almost the only oripsf 'of 'ahe serieq in' -ffff paring whicb 
material aeaistanOe'Ji&fi'lJpW lierive'd'frbjb.tlip^ ; but theee 
have heen largely illustrated by facta conEaiued^n original 
documents pr^erved'in the State Paper Office, the care&d 
examination ct.-^hrch has been conductelilty Mr. W 
Walker mifciiia..';; ■ .'.'/•-. •' 

It will thua'iie.'&b^rved that moHt-oC.IJtQ infonnat^ 
embodied in this •vo^jjrey ^or« espbpjally'^hat relating 
the inventora of toofs-biil-'in^hineB, hs« Jieretofore exietad 
only in the memories of tBe ffminenC mechanical engineer 
from whom it has been collected. In a few more years 
many of the facte which LaTo been caught and are her*^ 
placed on record would, probably, in the ordinary course of 
thinge, have passed into oblivion. As it is, the Author feela 
that there are many gaps yet to he filled up ; but the 
field of Industrial Eiograpliy te a wide one, and ia open to 
all who will labour in it. 

Besides the nlteratlonB made in the present edition, an 
Appendix has been added, containing further information 
relative to copper, bronze, and iron implements, smelting 
of iron by coke, iuTention of the slide rest, and Mr. 
Babbage's calculating machine. 

LoHDOH, October, 187S, 
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" Iron is not oulf !hf nul of e<Q7 other miuufacMire, but the mam- 
cpring pechapt of oivillied Bodety." — Krakcu Hobneb. 

" Wb™ the UK of iron lost among u>, we should in a few Bgea be un- 
■raidablj reduced to tlie wanti and ignorance of the AnE:ient uiagB 
AmeticiDa ; so that he vho fint nude known the uw of that cont^mptibTa 
mlnenl nuj' be tralj ityled the father of Arts and the anthor of f laitj." 
— John Locke. 

Wwat Captain Cook and the early oavigatorG first sailed 
into the South Seaa on their voyj^B of discovery, one of 
the things that struck them with most surpriso was the 
avidity which the natives displayed for iron. "Nothing 
ffonid go down with our visitora," says Cook, " tut metal ; 
and iron was thair beloved article." A naU would buy a 
good-sized pig ; and on one occasion the navigator bought 
Home four hnndred ponnds weight of fieli for a few wretched 
knives improvised out of an old hoop. 

"For iron tools," says Captain Carteret, "we might have 
purchased everything upon tte Freewill Islands that wo 
ooald have brought away. A few pieces of old iron hoop 
presented to one of the natives threw him info an ecstasy 
little short of distraction." At Otaheite the people were 
fotmd generally well-behaved and honest ; but they woi-o 
not proof against the fascinations of iron. Captain Cook 
■ays that one of them, after resisting ail other temptations, 
" was at length ensnared by the charms of a basket of 
wuIh." Another lurked about tor se^^^ral days, watching 
tka oppoTtunity to Bl«al a coal-rake. 
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'I'bo iiavigLttora fomid they coulil pity llielr way &oiit^ 
tsloud to island merely with scraps of iron, whiuh were em 
uacful for tho piiipjae as gold coins would have beeo in 
Europe. The dniin, however, being coDtinuous, Captain 
Cook became alarmed at finding his currency almost e 
hausted ; and ho Tclatoa Lis joy on recoToring i 
anchor which the French Captuin Bougainville had loi 
at Bolabola, on which h«i^ felt as an English bank^ 
would do after a severe run upon him for gold, 
suddenly placed in possession of a fresh store of bullion. 

The avidity for iron displayed by these poor istandeij 
will not be wondered at when we conaidor that whoever 
among them was so fortunate as to obtain posseGeion of an 
old nail, immediatoly became a man of greater power than 
his fellows, and assiuned the rank of a capitalist. " An 
Otaheitan chief," says Coofc, " who had got two nails in 
liis possession, received no small emolument by letting 
out the use of them to his neighbonra for the purpose of 
boring holes when theit own methods failed, or wore 
thought too tedious," 

The native methods referred to by Cook were of a very 
clumsy sort ; the principal tools of the Otaheitana being 
of wood, stone, and flint. Their adzos and axes were of 
atone. The gouge most commonly used by them was made 
out of tho bono of tbo human forearm. ITieir substituta 
for a knife was a shell, or a bit of flint or Jasper, A 
shark's tooth, fixed to a piece of wood, served for an auger ; 
a piece of coral for a file ; and the akin, of a sting-ray for a 
polisher. Their saw was made of jagged fishes' teeth fixed 
on the convex edge of a piece of hard wood. Their 
weapons were of a similarly nide desoription; their 
clubs and axes were headed with stone, and their lanoes 
and arrows were tipped with flint. Fire was another 
agency employed by them, usually in boat-bnilding.' 
Thus, the Now ZeiJanders, whose tools were also of 
•to&e, wood, or bono, made their boats of the tninlcs of trees 
bellowed out by fire. 



AMCIENT weapons AMD IMPLEMENTS. 

The stono implemente were fashioced, Captain Cook uji, 
by rubbing one stone upon another until brooght to the 
xequired shape ; bat, after all, they wore found very iuetS- 
oient for their ptirpoee. They soon became blunted and 
tueleBB ; and the laborions process of making new tools 
had to be begun again. The delight of the islanders at 
being pat in posseeaion of a material which was capable 
of taking a comparatively shajp edge and keeping it, may 
therefore readily be imagined ; and henoe the remarkable 
incidents to which we have referred in the experience of 
ihe early voyagera. In the minda of the natives, iron 
l)ecame the representative of power, efGciency, and wealth ; 
and they were ready almost to fail down and worship their 
hqw tools, esteeming the axe as a deity, offering sacrifices to 
the saw, and holding the knife in especial veneration. 

In the infancy of all nations the same difficulties most 
have been experienced for want of tools, before the arta of 
smelting and working in metale had become known ; and 
it is not improbable that the Phcenioian navigators who 
first frequented our coasts found the same avidity ibr 
bronze and iron existing among the poor woad-atained 
Britons who flocked down to the shore to see their ships 
and exchange food and skins with tbem, that Captain Cook 
discovered more than two thousand years later among the 
natives of Otaheite and New Zealand. For, the tools and 
weapons found in ancient burying-places in all parta of 
Britain clearly show that these islands also have passed 
through Q>.e epoch of stone and flint. 

There was recently exhibited at the Crystal Palace a col- 
lection of ancient European weapons and implements placed 
^ongside a similar collection of articles brought from the 
Boath Seas ; and they wore in most respects so much alike 
that it was difficult to believe that they did not belong Uj 
the same race and period, instead of being the implements 
of races sundered by half the globe, and living at periods 
aaore than two thousand years apart. Nearly every wea. 
pon in the one collection bad its counterpart in the other, 
B 2 
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— th« mauls or celts of atone, the speaxheadB of flint or 
jaHper, the arrowheads of flint or bone, and the saws of 
j^^ed tihiDe, Ghowing ho'w human ingenuity, nnder like 
oiroumKtanoes, hud resorted to like expedients. It woTild 
kIbo appetir that the ancient tribes in these islands, like the 
New Zealanders, used £re to hollow out their larger boats ; 
several specimens of this kind of vessel having recently 
lieen dug up in the valleys of the Witham and the Clyde, 
some of the latter from under the very streets of modem 
Glasgow.* Their smaller boats, or comclea, were made oi 
osiers interwoven, covered with hides, and ri^ed with 
leathern sails and thong tackle. 

It will readily be imagined that anything like civiliza- 
tion, Bs at present unders'tood, muet have been nest to im- 
possible under such circumstances, " Miserable indeed," 
says Carlyle, " was the condition of the aboriginal savage, 
glaring fiercely from under his fleece of hair, which with 
the beard reached down to his loins, and hung round them 
like a matted cloak ; the rest of his body sheeted in its 
thick natural fell. He loitered in the sunny glades of the 
forest, living on wild fruits ; or, as the ancient Caledonians, 
squatted himself in morasses, lurking for his bestial or 
human prey ; without implements, without arms, save the 
ball of heavy flint, to which, that bis sole possession and 
night not be lost, he had attached a long coi-d of 
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plaited thongs; Uierafa^ i>ecovoriiig as well aa hurling it 
with deadly, unerring skill." 

The injunction given to man to " replenish the eartb 
and sabdue it" could not possibly bo fulfilled with i:aple- 
mentfi of atone. To fell a tree with a flint batehet would 
oocapy the labour of a month, and to clear a small patch of 
ground fcr purposeB of culture would require the combined 
efforts of a tribe. For the Game reason, dwelltngB could 
liot be erected ; and without dwellings domestic tranquil- 
lity, security, culture, and refinement, especially in a mde 
olinoate, were all but impossible. Mr. Emerson well ob- 
serves, that " the effect of a house is jmmonae on human 
tranquillity, power, and refinement. A ma,n in a cave or a 
camp — a nomad — dies with no more estate than the wolf or 
the horse leaves. But so simple a labour as a house being 
achieved, his chief enemies are kept at bay. He is safe 
&oin the teeth of wild animals, from frost, sunstroke, and 
-weather ; and fine faculties begin to yield their fine bar- 
vest. Inventions and arts are bom, manners, and social 
beanty and delight." But to build a house which should 
Berve for shelter, for safety, and for comfort— in a word, as a 
home for the family, which is the nucleus of society — better 
tools than those of stone were absolutely indispensable. 

Hence most of the early European tribes were nomadio: 
first hunters, wandering about from place to place like the 
American Indianfi, atter the game ; then shepherds, follow- 
ing the herds of auinmla which they had learnt to tame, 
from one grazing-gronnd to another, living upon their milk 
and flesh, and clothing themselves in their skins held to- 
gether by leathern thongs. It was only when implements 
of metal had been invented that it was possible to practise 
the art of ngriculture with any considerable success. Then 
tribes would cease from their wanderings, and begin to 
form settlements, homesteads, villages, and towDs. An old 
Scandinavian legend thus curiously illustrates this last 
period ; — There was a giantess whose daughter one day 
nw a husbandman ploughing in the field. She ran 
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and piukod him up with her finger and thumb, put him 
and his plough and osen into her apron, and carried them 
to her mother, eaying, " Mother, what sort of bootle ie this 
that I have fouad wriggling in the sand ? " But the mother 
said, " Put it away, my ohild ; wo mwet begone out of this 
land, foi- these people will dwell in it," 

M, Worsaaa of Copenhagen, who baa been followed by 
other antiquaries, has oven gone bo far as to divide the 
natural history of civilization into three epochs, according 
to the character of the tools used in each. The iirst wa* 
the Stone period, in which the implements chiefly used 
were sticks, bones, stones, and flints. The next was the 
Broneo period, distinguished by the introduction and 
general use of a metal composed of copper and tin, re* 
quiring a comparatively low degree of f«mperatui-e to 
smelt it, and render it capable of being fashioned into 
weapons, tools, and implements j to make which, however, 
indicated a great advance in experience, sagacity, and skill 
in the manipulation of metals. With tools of bronze, to 
which considerable hardness could be given, trees were 
felled, stones hewn, hooees and ships built, and agriculture 
practised with comparative facility. Last of all came the 
Iron period, when the art of smelting and working that 
most difficult but widely diffused of the minerals was dis- 
covered ; from which point the progress made in all the 
arts of life has been of the most remarkable charactor. 

Although Mr. Wright rejects this classification as em- 
pirical, because the periods are not capable of being clearly 
defined, and all the three kinds of implements are found to 
have been in use at or about the same time,* there is, 
ueverthelesB, reason to believo tliat it is, on tlio whole, 
well founded. It is doubtless true that implements of 
stone continued in use long after those of bronze and iron 
had been invented, arising most probably from the dear- 

* TaoMis Wbwht, F.S.A. I7« Celt, Tha Hainan, md The SagOH. (d. 
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i and scarcity of articles of metal ; but when the art 
f smelting and working in iron and steel hail aufficiently 
advanced, the use of stone, and afterwards of bronze tools 
•nd weapons, altogether ceaeed. 

The views of M. Woraaae, and the other Continental 
autiqnarians who follow his clafiaifioation, have indeed rc- 
poivcd remarkable confirmation of late years, by the dis- 
B which have been made in the beds of most of tlic 
Swiss lakes.* It appears that a subsidence took place in 
the waters of the Lake of Zurich in the year 1854, laying 
bare considerable portions of its bed. The adjoining pro- 
prietors proceeded to enclose the new land, and began by 
erecting permanent dykes to prevent the return of thu 
waters. WhU e carrying on the works, several rows of stakes 
were exposed ; and on dicing down, the labooreis turned 
np a number of pieces of charred wood, atones blackened by 
fire, utensils, bones, and other articles, showing that at 
fiome i«moto period, a number of human beings had lived 
over the spot, in dwellinga supported by stakes driven into 
the bed of the lake. 

The discovery having attracted attention, explorations 
were made at other places, and it waa shortly found tliat 
there was scarcely a lake in Switzerland which did not 
yield similar evidence of the existence of an ancient La- 
caatrine or Lake-dwelling population. Numbers of their 
tooU and implements wero brought to light — stona axes 
,and saws, flint arrowheade, bono needles, and such like — 
mixed with the bones of wild animals slain in the chase ; 
pieces of old boats, portions of twisted branches, bark, 
mgh planking, of which their dwellings had been 
,fbrmed, the latter still bearing the marks of the rude 
'tixils by which they had beea laboriously cut. In the 
■pioet ancient, or lowest series of deposits, no traces of 

etal, either of bronze or iron, were discovered ; and it is 

ast probable that these lake-dwollera lived in as primi- 

'sBsnta to at length in Uia Araiqmly of jtfm, by Sir C, Lydl, wh» 
K, V^rtaat't duiifiaicjaQ. 
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tive a state as the South Sea iHlaoders discoTeied Yy 
Captain Cook, and that the hats over the water in wfaicti 
the; lived resembled those found in Fapna and BoraooJ 
and the islands of the Salomon groap, to this day. 

Tfaoeo aboriginal Swiss l&ke-dweUere seem to have been 
Ettccoeded by a race of men nsing tools, implements, 
nrnameats of bronze. In some places the remains of 
bronze period directly overlay those of the stone period, 
showing the latter to have been the most ancient ; bat in 
others, tho 'village sites are altogether distinct. Tha 
articles with which the metal implements are i)it«rmixe^ 
fihow that considerable progreea had been made in ths 
useful arts, The potter's wheel had been introdnced. 
Agricnlture had begun, and wild animals had given plaoe 
to tame ones. The abundance of bronze also shows that 
commerce mnst have existed to a certain extent ; for tin,. 
which enters into its composition, is a comparatively 
metal, and must necessarily have been imported from othei, 
European countries. 

The Swiss antiquarians are of opinion that the men ot: 
bronKo suddenly invaded and extirpated the men of flint; 
and that at some still later period, another stronger and 
more skilful raoo, supposed to have been Celts from Gan], 
cauio armed with iron weapons, to whom the men of bronze 
succumbed, or with whom, more probably, they gradual^ 
intormingk'd. When iron, or rather steel, came into use,. 
its superiority in affording a cutting edge was so deoisivQ. 
Oiat it scorns to have supplanted bronze almost at once ;* 
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(ha latter metal oontinuing to be employed only for tfa« 
pnipoee of making scabbards or aword-handles. Shortly 
after the oommcncomont of the iron age, the kke-habita^ 
tiona were abandoaod, the only settlement of this latei 
epoch yet diaoovered being that at T6ne, oil Lake Nenf 
chatel : and it is a remarkable oircumstanco, showing the 
great &ntiqaity of the lake-dwellings, that they are not 
mentioned by any of the Roman hiBtorians." 

That iron ishould have been one of the last of the metals 
to come into general use, is partly accounted fur by the 
eiroumstance that iron, though one of the most generally 
diffused of luieerals, never presents itself in a natural state, 
except in meteorites ; and that to recognise its ores, and 
then to separate the metal from its matrix, demands the 
exercise of no small amount of observation and invention, 
Fersous unacquainted with minerals would be unable to 
discover the slightest affinity between the rough ironstone 
as broDght up from the mine, and the iron or steel of com- 
merce. To tmpracdfied eyes they would seem to possras 
no properties in common, and it is only after subjecting 
the stone to severe processes of manufacture that usable 
metal can be obtained from it. The effectual reduction ol 
the ore requires an intense heat, maintained by artificial 
methods, such as furnaces and blowing apparatus.')' Bat it 
is principally in combination with other elements that iron 
is 80 valuable when compared with other metals. Thus, 
^'hen combined with carbon, in varying proportions, sub- 
stances are produced, so different, but each so valuable, 
that they might almost be regarded in the light of distinct 
metals,^ — such, for example, as cast-iron, and cast and bar- 
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B qaalitioB of iron enabliag it to be used 
for pnrpoees so opposite as a steel pen and a railroad, 
the needlo of a mariner's compasB and an Armslroiig gun, 
Ei ETurgeon'e lancot and a eteam engine, the maitiR]iring of 
a watoii an<l an Iron ahip, a pair of Hcissors and a Kiismylh 
hammer, a lady's oaiiings and a tubular bridge. 

The variety of purposes to which iron is thus capable of 
being applied, renders it of more use to mankind than all 
the other metals combined. Unlike iron, gold is found 
pure, and in an almost workable state ; and at an. early 
period in history, it eeoras to have been much more plen- 
tiful than iron or stool. But gold was unauited for the 
purposes of tools, and would serve for neither a Raw, a 
cbisul, an axe, nor a swoid ; whilst tempered steel oould 
answer all these purposes. Hence we find the early war- 
like nations making the backs of their swords of gold or 
copper, and economizing their st«ol to form the cutting edge. 
This is illustrated by many ancient Scandinavian weapons 
ill the museum at Copenhagen, which indicate the greatest 
parsimony in the nee of eteel at a period when both gold 
and copper appear to have been comparatively abnudant. 

The knowledge of smelting and working in iron, like most 
other arts, came from the East. Iron was especially valued 
for purposes of war, of which indeed it was regarded as the 
symbol, being called "Mars" by the Eomans.* We find 
frequent mention of it in the Bible. One of the earliest 
notices of the metal is in connexion with the conquest of 
Judea hy the Philistines, To complete the subjection of 
Iho Israelites, their conquerors made captive all the smithu 
of the land, and carried them away. The Philistines felt 
that their hold of the country was insecure so long as 
tho inhabitants possOKsed the means of forging weapons. 
Hence " there was no smith found throughout all the land 
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oflfRcael; for the FhiliHtinea said. Lest the Hebrews m&ke 
them fiworda or spears. But the Israelites went down to 
the PhUietiiies, to sharpen every man his share, and bis 
coulter, and his axe, and his mattock." * At a later period, 
when Jerusalem was taken hy the Babylonians, uue of 
their first aots was to cany the emiths and other craftsmen 
«aptivee to Babylon.j Deprived of their armourers, the 
Jews were rendered comparatively powerless. 

It was the knowledge of tha art of iron-forging which 
laid the foundation of the onoe great empire of the Turks. 
Gibbon relates that these people wero originally the do- 
epised slaves of the powerful Khan of the Geoiigen. They 
occupied certain districts of the monnfaio-ridge in the 
centre of Asia, called Imaua, Caf. and Altai, which 
yielded iron in large quantities. This metal the ISn-ks 
were employed by the Khan to forge for his use in war. 
A bold leader arose among them, who persuaded the iron' 
workers that the arms which they foi^d for their mastere 
might in their own Bands become the instruments of 
freedom. Sallying forth from their mountains, they set 
up their standard, and their weapons soon freed them. 
For centuries after, the Turkish nation continued to cele- 
brate the event of their liberation by au annual ceremony, 
in which a piece of iron was heated in the fire, and a 
etoith's hammer was successively handled by the prince 
and his nobles. 

We can only conjecture how the art of smelting iron was 
tLiacovered. Who first applied fire to the ore, and made it 
plastic ; who discovered fire itself, and its uses in metal- 
lurgy? No one can tell. Tradition says that the metal 
was discovered through the accidental burning of a wood 
in Oreeoe. Mr. Mushet thinks it more probable that the 
discovery was made on the con-veraion of wood into char- 
coal for culinary or chamber purposes. " If a mass of 
ore," he says, " accidentally dropped ii:to the middle of the 



burning pile dnring a period of neglect, or daring fti 
existence of a thorough draaght, a mixed mase, partly eaiAj 
and partly metallic, would be obtained, pOGseesing dnctililT 
And oxteuBion under preaBore. But if the conjecture ii 
ptmbcd etill further, and we Buppose that the o 
BD oxide, but rich in iron, m^netio or spicolar, the r€«ull 
would iu all probability be a mass of perfectly mallesbla 
iron. 1 have eoen this fact illustrated in the roasting oft, 
vpocieH of iron-stone, which was nnited with a considenUt. 
nioBs of bittuninouB matter. After a high tempertttore bii' 
been excited in the interior of the pile, platee of nuklleabh 
iron of a tough and flexible nature were formed, and ttidu 
eircnmstances where there was no fuel bnt that furnislwi 
by the ore itself."* 

The metal once discovered, many attempts would ba 
mtide to give to that which had been the eflfect of aoeideiit 
a more unerring result. The smelting of ore in an opts 
heap of wood or charcoal being fonnd tedious and waatrfijl, 
as well as uncertain, would naturally lead to ' " 
of a furnace, with the object of keeping the ore enrronnde 
as much as possible wjti fuel while the proceee of o« 
version into iron was going forward. The low oonicd 
furnaces employed at this day by some of the tribes at 
Central and Southern Africa, ore perhaps very much th9 
same iu character as those adopted by the early tribes of iQ 
countries where iron was first made. Small openings at tl 
lower end of the cone to admit the air, and a larger orifiw 
at the top, would, with charcoal, be sufficient to prodtraft 
the requinite degree of heat for the reduction of the oMt 
To this the foot-blast was added, as still used in Geylot 
and in India ; and afterwards the water-blast, as employed 
in Spain (where it is known as the Catalan foi^), along 
the coasts of the Mediterranean, and in some parts of 
Ainerioa. 

It is worthy of remark, that the ruder the method em* 

• raperi m fron end atMl, 893-4. 



lu-. L EAKLT H18T0ET OP ffiOlT W BEITAra. 

oyed for tlie reduction of the ore, the bettor the qua- 
ty of the iron usually is. Where the art is little 
iToncad, only the most tractable ores are selected ; and as 
tarcoal is the only fuel used, the quality of the metal is 
invariably excellent. The ore being long exposed 
the charcoal fire, and the quantity made small, the 
asolt is a metal having many of the qualities of steel, 
Lpable of being ueed for 'weapons or tools after a cotu- 
uatively small amount of foi'giug. Dr. Livingstone 
peaks of the exoelleat quality of the iron made by the 
frioan tribes on the ZambeBi, who refuse to use ordinarj- 
Inglish iron, which thoy conBider " rotten." • Du Ohaillu 

says of the Fans, that, in making their best knives 

1 arrow-heada, they will not uso European or American 
n, greatly preferring their own. The celebrated tooofe 
steel of India, made in little cakes of only about two 

pounds weight, possesses qualities which no European steel 
IS. Ont of this material the famous Dautasous 
Iword-blades were made ; and Its use for so long a period is 
perhaps one of the most striking proofs of the ancient 
IviliKation of India. 

The early history of iron in Britain is necessarily very 

tbeonre. When the Komans invaded the country, the 

netal seems to have been already known to the tribes along 

i coast The natives had probably smelted it themselvej^ 

their rnde bloomeries, or obtained it from the Phceni- 

ins in small quantities in exchange for skins and food, or 

lin. We muBt, however, regard the atoriea told of the 

^oient British chariots armed with swords or scythes an 

Utogether apocryphal. The eziateuce of iron in sufficient 

inantity to be used for such a purpose ia incompatible 

irith contemporary facts, and nuaupported by a single 



• Dr.Liringslone brought wilh 
EDglui(lii[HecEorthe2iiinbesi i 
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vestige remauiiag to otir time. The oountiy was t 

mostly forest, and the roads did nut as yet exist tipt 
which chariots could be used ; whilst iron was too S08 
to bo mounted aa scythes upon chariots, when the i 
rioi's themselves wanted it for swords. The orator Cia« 
in a letter to Trebatius, then eerviog with the anay in 
tain, saroastically advised him to capture and convey a 
of these vehicles to Italy for exhibition ; but we do i 
hear that any specimen of the British war -chariot woe & 
eoen in Bome. 

It is only in the tumuli along the coast, or in thost'lf 
the Eomano-Britieh period, that iron implements are e 
'bund ; whilst in the ancient burying places of the interj 
of the country they are altogether wanting, ~ 
says of the British pursned by Severus through the E 
and marshes of the east coast, that they wore iron hoops 
round their middles and their necks, esteeming them as 
ornaments and tokens of riches, in like manner as other 
barbarous people then estflemed ornameiits of silver and 
gold. Their only money, according to C»sar, oonsiated of 
pieces of brass or iron, reduced to a certain standard 
weight." It is pai'ticularly important to observe, saya. 
M. WorsEiao, that all the antiquities which have hithetf 
been found in the large burying places of the Iron perio« 
in Switzerland, Bavaria, Baden, France, England, and tJ 
North, exhibit traces more or l^e of Eoman influenoe.t 

The Romans themselves used weapons of bronze v 
they could not obtain iron in sufficient quantity, and a 
of the Eoman weapons dug out of the ancient tumuli a; 
of that metal. They possessed the art of tempering b 
hardening bronze to Kuch a degi'ee as to enable them | 

■ HoLiKSMED, i. 617. Iron was it i> not UDConuoon, I 

»ls« theoarrency of the SpirtiiiB, but workmiui lo any db 

it hoa been osed bm BQch in much iDooej, lo ihe baker'ji s 

mora m.-eot titaCB. Adam Smith, la houee." 

haWeallhofJfatKnsf,fi<iotl.iih.i, f Primmal Aniiqviliei of 1 

publi>h«d in 1TT6), ajt. " tl»re ii mark. Lwdon, 1M9, p. 140. 
■t tbli da; a village is Snitlaqd when 
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inaaiifaoturc swords with it of a pretty good edge; and in 
fluwe countries whicli they penetrated, their bronze im- 
plements gradually supplanted those which had been pre- 
viously fashioned of etone. Great quantities of bronze tools 

lave been found in different parts of I^ngland, — sometimes 

a heaps, as if they had been thrown away in basketfuls as 
tUings of littla value. It has been conjectured that when 
tbi^ Bomaiis came into Britain they found the inhabitanlH, 
VMpecially those to the northward, in vary uoariy the same 
rtato as Captain Cook and other voyagers found the in- 
liabitants of the South Sea Islands; that the Britons parted 

irith their food and valuables for tools of inferior metal 
made in iinitation of their atone ones; but finding them- 
selves cheated by the Romans, as the natives of Otahcite 
liave been cheated by Enropeona, the Britons relinqniehed 
tiie bad tools when they became acquainted with articles 
made of better metal.* 

The Koman colonists were the first makers of iron in 
Sritain on any lai^o scale. They availed themselves of 
&B mineral riches of tho country wherever they went, 
Eveiy year brings their extraordinary industrial activity 
more clearly to light. They not only occupied the best 
Btes for trade, intersected the land with a complete system 
of well-constructed roads, studded our hills and valleys 

rith towns, villages, and pleasure-honseB, and availed 
Ihomselvea of our medicinal springs for purposes of batlis 
t extent not even exceeded at this day, but they ex- 
plored our mines and quarries, and earned on the smeltiug 
and manufacture of metals in nearly al] parts of the 
island- The heaps of mining refuse left by them in tho 
valleys and along tho bill-sidea of Korth Derbyshire are 
■till spoken of hy the conntry people as " old man," or tho 
" old man's work." Year by year, from Dartmoor to the 
Uoisy Firth, the plough turns up fresh traces of theii 

Sec Dr. ?i»nan'E papa ia the | utensils rounil in Ihc lim Wfthoii^ 
mieioiM>al-lhmiai.iir>nt, U9S, re- Utweeo KiAaltad and LiniMln. 
' lin nncisDl anas and J 
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indefatigable industry and enterpriBe, in pigs of lead, 
iaLplements of iron Ksdbroaze, TesEclsof pottery, cDtnB, and 
Bcalpture ; and it is a remarkable circnmstance that in 
several diatrict'i where the existence of extensive iron 
beds bad not been dreamt of until within the last twenty 
years, as in Northamptonshire and North Yorkahii-e, tbe 
remains of ancient workings recently discovered Bhow that 
the Bomau colonists were fully acquainted with them. 

But the principal iron mines worked by that peopio 
were those which were moat conveniently situated for 
purposes of exportation, more especially in the southern 
counties and on the borders of Wales. The extensive 
cinder heapa fonnd in the Forest of Dean — which formed 
the readiest resource of the modem iron-smelter when im- 
proved processes enabled him to reduce them — show 'hat 
their principal iron manufactures were carried on in that 
quarter .' It is indeed matter of history, that about seven- 
teen hundred years since (a.d. 120) the Romans had forges 
in the West of England, both in the Forest of Dean and in 
South Wales ; and that they sent the metal from thence to 
Bristol, where it was forged and made into weapons for the 
use of the troops. Along the baotB of the \Vye, the 
ground is in many places a continuous bed of iron cinders, 
in which numerous remains have been found, fumishing 
unmisJakeable prools of tte Boman furnaces. At the same 
time, the iron ores of Sussex were extensively worked, oa 
appears from the cinder heaps found at Maresfield and 



" In the Forest of Dean nnd 1 
Is the iron it made Ht thii dmj of 
, being the rough tad oS ' 
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theq having only foot-blastA 

■ great wheot that drives it pair of 
belloni tweotf Teet lang. all that iron 
it eitnrted out of the cinden nhkb 
Doolil not be forced troni [t bj the 
RoniKi foot-blait. And in Ihe Foreit 
ol Deaf and thereabout!, and u tiigk 
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in vat/t LDountj above giound, some 
under groadd, which will suppl; tha 
iron works some hundreds of yoarsi 
and these cinders are they which make 
the prune and beet iron, niid with mud) 
lt«s charcoal than dnth Che ironitone." 
— A, YaKBiktoh, Englamts Im- 
prme-nnt by Sta tmd L-aii. Idndw, 
1677. 



several places in that ooimty, iiitcrmixod ivith nounn 
pottery, coins, and other romams. In a bed of i^ooruB 
eeveral acres in eictent, at Old Land Farm, in Maresfield, 
the Rov. Mr. TurneT found tbo Temaina of Koman pottery 

I mimeroua that scarcely a barrow-load of cindera was 
romuTcd that did not contain acTeral fragmonta, together 
^«itli coins of the reigns of Kero, Vespasian, and Diocle- 
LJan." 

In the turbulent infancy of nations it is to bo oipected 
that we should hear more of tbo Smith, or worker in iron, 
ounoxion with war, than with mora peaceful pursuits. 
Although he was a nail-maker and a horse-shoer — made 
3, chisels, eaws, and hammers for the artificer — Bpados 
and hoes for the farmer — bolts and feetenings for the lord's 
castlo-gates, and chains fur his draw-bridge — -it was prin- 
cipally because of his skill in aiTuoar-work that he was 
esteemed. He made and mended the weapons used in the 
chase and in war — the gaTelocs, bills, and battle-axes ; he 
tipped the bowmen's arrows, and fiu-nished spear-heada for 
the men-at-aims ; but, above all, he forged the mail-coata 
and ouirasses of the ohieft, and welded their swords, on 
the temper and quality of which, life, honour, and victory 
' 1 battle depended. Hence (he great estimation in which 
the smith was held in the Auglo-Haxon times. Hir person 
was protected by a double penalty. He was treated as an 
officer of the highest rank, and awarded the first place in 
precedency. After him ranked the maker of mead, and 
then the physician. In the royal court of Wales lie eat 
in the great hill with the king and queen, nest to tlie 
domestic chaplain ; and oven at that early day there seems 
lo have been a hot spark in the smitii's throat which 
needed much quenching ; for hs' was " entitled to a draught 
of every kind of liqiior that was brought into the hall." 

Tbo smith was thus a mighty man. The Saion Chronicla 
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I tl» nlknt ks^ht biiaeelf m a " migbtj war- 
B«t tfae owtb 'WW pwtat of «U in his forging 
of swioc^; sad Ike laidi wore vvBt to sing d>e praises 
oC Ihe kn^bt's " good swocd ' aad of tfae emith who made 
' E w ^^^ M ^ Am kui^ linMtf 'Aa wielded it in 
ne not TTtr a ifTiB imy powan wen ittribnted to 
t of Btod mImb fink incited. Its sharpness 
lUoiB whan coMiiamd with one of hronze, 
Oat with the v^^r ■ o ttin g bat imtpa conM aocoant for 
it. TraditMoa, — ^"'■■* ia fioij tales, gtill enrriTe in 
most cormtnM, QlsstntiTe of its nagical propertiea. The 
weapion of hnmae was dull ; bat that of steel was bright — 
the " white Bwrod of It^t," one tonc^ of which broke 
spells, libentad enohanted prinoemeB, and froze giants' 
BMjTttw. King Artfaoi'B magio swoid "Excalibnr" was 
n^rded as almost heroic in the romanoe of cliivaliy.* 80 
were the swords " Galadn " of Sir Gawsin, and " Joyense ** 
of Charlemagne, both of which were repnted to be the 
work of Weland the Smith, abont whose name clusters bi>J 
mach traditional glory as an ancient irarkor in metals.ffl 
The heroes of the Northmen in like manner wielded magidi 
swords. Olave the Norwegian possessed the sword "Maca- 
bnin," forged by the dark smith of Drontheitn, whose feats 
are recorded in the tales of the Scalds. And bo, in like 
manner, traditions of the supernatural power of the black- 
smith are found existing to this day all over the 
Highlands.} 

"When William the Norman invaded Britain, he ' 
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supplied with smit^. His followers wore dad in armour 
of steel, and fomisliod wit.h the beat weapons of the time. 
Indeed, their superiority in this respect is anppoaed to 
have been the prinoipal cause of William's victory over 
Harold ; for tha men of both armies were equal in point of 
bravery. The Normans had not only smiths to attond lo 
the arniB of the kcights, but farriers to shoo their horses. 
Henry de Ferrariis, or Ferrers. " prefeetus fabi-onim," was 
one of the principal ofificers entrusted with the supervision 
of the Conqueror's fernery department ; and long after tlic 
earldom was founded his desoendaofa continued to beai' on 
Iheir coat of arms the six horse-shoes indicative of theii' 
origin.* William also gave the town of Northampton, 
with the hundred of Fackley, as a fief to Simon St. Liz, in 
consideration of his providing shoes for his horses-t But 
though the practice of horse-shoeing is said to have been 
introduced to this country at the time of the Conquest, it 



theli- 

And » thii mjstic sword may, per- 
haps, han been a gnd nnungit the 
Cdte, or the god of-the people with 
wbom the Celts mntaidrf somewhere 
en their long journey lo the wcit. It 
is a flctkiD now, hut It may be (oundml 
<in fact, »nd that fact prohablj ¥rajj 
the fint use of iron." To thii diy 
jUl old boTve-shD^ iBCDoaideredapotent 
Epeil ia Bome diitrids agaimd the 
powers of eril ; and for want of ii 
imrae-shoe a Wt of a rti^ty reo)Mng- 
IjDuk i& supposed to hare equnl power. 
" Who wen theae potrsra of evil who 
CDtiUl not reuit iron — tbise furia 
who shaot ftme artaws, and are of 
Oe foea to the human race? b all' 
tlus but a dim, bazy recollectioD of' 
w>r between a pec^le who irnd iron 
weapons and a mce who h:id not — < 
the nue whose remaiiu are round all 
•rer Euroje ? If these were waniier- 
fag tribes, they bul l™lfrB; iftliey 



»ete warlike, they had weupons. Thort 
s a smith in the Panlheon of nuiny 
mtions. Vulcan was s smilh; Thor 



eren Fion 



had a 



bammer, which waa heard in Lochlajm 
vha\ struck in Eirinn. Fionn may 
have borrowed his hammer from Thor 
long 1^, or both may have got tbdrs 
fj-om Vuloui, or all three may hare 
bTDUghe hammers with them from 
the land where some primcial smith 
wielded the first sledge-hammei' ; but 
these smitb-gods ho the 



milhs « 






s for 



fought with fh 
warriors who shot fiiot-Brrqws, and 
who ara now bogles, fairia, and do- 
mons ? In any case, tales about smiths 
ioem to belong lo mythology, and to 
be common prnpci'ty." — Campbeu., 
Papular Taltaofthii Wnt Eighlimdt, 
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Oe Catalapai afOt Kobtlitg, 198. 
t Mekrick, I. 11. 
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is probably of an earlier date ; as, aocoi'dmg to Dugdale, 
an old Saxon tenant in ciipite of Welbeok in Nottingham 
ehire, named Gamelbere, held two oarncates of land bv 
tbo serrico of shoeing the king's palfrey on all four feet 
wil.h the king'i) nails, as oft as the king should lie at the 
noighbouring manor of Mansfield. 

Although we hoar of the smith mostly in onnneiion 
with tlie fabrication of ioslrumenta of war in the Middle 
Ages, his importance was no loss recognized in the ordinary 
affairs of rural and induBtrial life. He was, as it wei'e, 
the rivet that hold society together. Nothing could be 
dune without him. Wherever tools or implements were 
wanted for building, for trade, or for husbandry, his skill 
was called into requisition. In remote places he 'was 
otton tlie sole mechanio of bis district ; and, besides being 
a tool-maker, a farrier, and agrioultnTal implement maker, 
he doctored cattle, drew teeth, practised phlebotomy, and 
sometimes ofBcinted as parish clerk and general news' 
monger; for the smithy wna the very eye and tongue of the 
village. Ilonoo Shakespeare's piotnre of the smith in 
King John : — 

■' 1 saw a smith slond with bU hntnnifr, thut, 
TliB whilst his ii-on did oq the amil cool, 
With open mouth awallowiiig a tailor's news." 

The smith's tools were of many sorts; but the chief 
were his hammer, pincers, chisel, f«nga, and anvil. It is 
astonishing what a variety of articles ho turned out of hia 
smithy by the help of these rude implements. In tlie 
tooling, chasing, and consummate knowledge of the capa- 
bilities of iron, he greatly eurpassed the modem workman ; 
for the medifeval blacksmith was an artist as well as a 
workman. The numerona exquisite specimens of hia handi- 
craft which exist in our old gateways, church doors, 
altar raUings, and ornamented dogs and andirons, still 
servo as types for continual reproduction. He was, indeed, 
the moxt " cunninge workman" of his time. But besides 
all (his, he was an engineer. If a road had to be made, 






THE NAME OF SMITH. 



or a stream omIsBaked, or 4 ti*en(!}i dug, he was invariably 
called upon to provide the toob, and ofteu to direct the 
work. He wom also the military engineer of bis day, and 
MS lato as tho reign of Edward HI. we find tbo king 
repeatedly sending for eraiths from the Forest of Dean 
to act OS engineers for the royal army at the siege of 
Berwick. 

The smitli being thus the earlloBt and most important of 
tnechanica, it wiU readily be understood bow, at the time 
when surnames were adopted, hia name should have been 
eo common in all Enrupeon contitries. 



Ilence the mnltitudinouB family of Smiths in England, in 
Rome coses vainly disguised under the " Smythe " or " De 
Smijthe ;" in Goimaoj, the Schmidts ; in Italy, tho Fabri, 
Fabricii, orFabbroni; in France, the LeFebrea or Lefevres; 
in Scotland, the Qows, Qowana, or Cowana. We have bIko 
among ua the BTCwnsmiths, or makers of brown bills; the 
NasmythB, or naUamiths; the Arrowamiths, or makere of 
arrowheada ; the Spearemitba, or spear makei-s ; tho 
Sboosmiths, or horse shoera ; the Goldsmitba, or workera 
in gold ; and many more. The Smith proper was, however, 
the worker in iron— the maker of iron tools, implemente, 
and arme — and hence thia oamo exceeds in number that of 
all the others combined. 

In course of time the Bmiths of particular diatricta began 
to diBtingniab themselves for their osoellenco in particular 
branches of iron-work. From being merely the letainer of 
some lordly or religious establishment, the smith worked 
to snpply the general demand, and gradually became a 
nanufacturer. Thus the makers of swordtt, tools, bits, 
and nails, congregated at Birmingham ; and the makerc 
of knives and arrowheads at Sheffield. Chaucer speaks of 



the Miller 
whittle : — 



uf Trompington an provided wiUi a Sheflfeld 



A Sbdeld (Jiwylel btit ha in bis hoM," 






The conuuon English atrgwhoads maQafaotured at 
Gold wero long celebrated for their exceUeut t«mpei 
iSheffioId iron and stoel plates are now. Th& battle ot 
llumiliion, fought iu Scotland iii 1402, was won mainly 
UiroQgh their excellence. The historian records that they 
penetrated the armour of the Earl of Conglas, which bad 
boon three years in making ; and they were " bo sharp and 
strong that no armour could repel tbem." The 
aiTowheada wore found equally efBoient against Front 
aimour on the fields of Grecy and Agincourt. 

Although Scotland is now one of the principal aoi 
from which our supplies of iron are drawn, it was in anoicnl 
times greatly distreased for want of the metal. Ihe people 
wore as yet too little iJclUed to be able to tui'n their great 
mineral wealth to account. Even in the time of Wallace, 
they had scarcely emerged from the Stone period, and were 
under the necessity of resisting their iron-armed English 
adversaries by means of rude weapons of that material. To 
liupply themselves with swords and spearheads, tliey im- 
ported steel from Flanders, and the rest they obtained by 
marauding inoui'sions into England. The district of Fax- 
nets in Lancashire — then as now an iron-producing district 
— wafl frequently ravaged with tiat object; and on suoli 
occasions the Scotch seized and carried off all the manu- 
factured iron they could find, preferring it, though so heavy, 
to every otbcr kind of plunder. j' About the same period, 
however, iron must have been regarded as almost a precioua 



• Before t«ble-kai«« were inreol- 
«d, m die liitmith century, tbs knife 
waa n verj inipottaat aitide ; each 
guest at tnble bearing his own, and 
iharperiDg it at the whetttoae hung 
up JQ the pncuge, Ufoie Mtling ilewn 
to diaaer ^ome ens cnrrieil » whet- 



of Queen lOiMbellt'i prMeats to Uie 
Earl of LeicHler was a whetrttmi 
ti^iped with gold, 

t Tho early scaraty of iron in 
SroUmd is coufirmed by FroiHart, 
who say^— " In Scotland ruu wiU 
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metal even in England itself j for we find that in Edward 
tiie lliird'tj leign, the pota, spllti, and Frying-pana of tlte 
royal kitchen were olassed among his Majoa^'s jewelti.' 

The Game famine of iron prevailed to a atiU greater 
extent in the Highlands, where it was even more valued, 
OB the clans lived chiefly by hunting, and were in an 
almost oonatant state of feud. Hence the smith was a 
man of indispensable importance among the Highlanders, 
and the possession of a akilful armourer was greatly valued 
by the ehie&. The story is told of some delinquency 
having been committed by a Highland smith, on whom 
justice must be done ; but as the chief could not dispense 
with the smith, he generonaly offered to hang two weavers 
in his stead ! 

At length a great armourer ajose in the Highlands, who 
was able to foi^ annour that wculd resist the best Sheffield 
arrow-heads, and to make swoids that would vie with the 
best weapons of Toledo and Milan. This was the famous 
Andrea de FerraTa, whose swords still maintain their 
ancient reputation. This workman is supposed to have 
leamt his art in the Italian city after which he was 
crtlled, and returned to practise it in secrecy among the 
Highland hills. Before him, no man in Great Brilain 
is said to have known how to temper a sword in suck a 
way as to bend so that the point should touch the hilt and 
spring back iminjured. The swords of Andrea de Ferraja 
did this, and were accordingly in great request ; for it was 
of every impovtanco to the warrior that his weapon should 
be strong aud sharp without being unwieldy, and that it 



ai^ei' find n man of worth ; they are 
lil(c ravBges, who wish not lo be sa- 
quaiulcd with *ti; one, are euiioiu of 
tiif good fbrlune cf othen, and luii- 
piidooa of louug nnftliii^ themwlvea ; 
lir ihdr CDimtc; is veij poor. Whea 
■he Engliih make iiuiwiu Uiitber, as 
Ibef haVB verj frequoitly dom, thej 
Older Iheii pcoviuoDi, if the; wish to 



lire, to follow doust their Incki J fuv 
uothing L) to b« had in liiat coudU-; 
withuut great difficulty. There ii 
neither ii-on to shoe honwi, nor leather 
to moke harUMB, laddlea, or bridlu; 
all theae thmga come ready made fnm 
Fiiorkrs by lea ; and ahoold these fail, 
there is none to be bad in the country." 
■ Pabece's EngliiA Hom, 77. 



should licit bo liable to snap in the act of combat. ^U 
celebrated smith, 'whose personal identity* has become 
merged in the Andrea deFeirarasworde of hie mannfaoture, 
pursued his craft in the Highlunds, where he employed a 
number of skilled worlcnken in forging weapons, devoting 
Ilia own time principally to giving them their required 
temper. He is said to have worked in a dark cellar, &e 
better to enable him to perceive the effect of the beat upon 
the metal, and (o watoh the nicety of the operation of 
tempering, as well as possibly to serve as a screen to his 
secret method of working, f 

Long after Andrea do Ferrara's time, the Scotch swords 
were famous for their temper ; Judge Marshal Patten, who 
accompanied the Protector's expedition into Scotland in 
1547, observing that " the Soots came with swords all broad 
and thin, of exoeeding good temper, and universally so 
made to slice that I never saw none so good, so I think it 
hard to devise a hotter." The quality of the steel used 
for weapons of war was indeed of no loss importance for 
the effeotnal defence of a country then than it is now. The 
courage of the attacking and defending forces being equal, 
the victory would necessarily rest with the party in pos- 
session of the best weapons. 

England herself has on more than one occaaiou been 
supposed to be in serious peril because of the decay of 
her iron manufactures. Before the Spanish Armada, tha 
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productioa of iron had been greatly disouuiaged becauiiO 
of the doatruction of tunher in the smelting of the ore — 
the art of reduoing it with pit coal not having yet been 
invented ; and we were consequently mainly dependent 
upon foreign countries for our supplies of the material ont 
of which arms were made. The best iron came from 
Spain itself, then the most powerful nation in Europe, and 
as celebrated for the eAcellence of its weapons as for the 
discipline and valour of ita troops. The Spaniards prided 
themselves upon the superiority of their iron, and regarded 
its scarcity in England aa an important element in their 
calculations of the conquest of the country by their famous 
Armada. "1 have hoard," says Harrison, "that when 
one of the greatest peers of fjpain espied our nakedness in 
this behalf, and did solemnly utter in no obscure place, 
that it would be an easy matter in short time to conquer 
England because it wanted armour, his words were not ea 
rashly uttered as politely noted," The vigour of Queen 
Elizabeth promptly supplied a remedy by the large impor- 
tations of iron which she caused to bo made, principally 
from Sweden, as well as by the increased activity of the 
foi^es in Sussex and the Forest of Dean ; " whereby," adds 
Harrison, " England obtained rest, that otherwise might 
have been sure of sharp and cruel wars. Thus a Spanish 
irord uttered by one man at one time, overthrew, or at 
the leastwise hindered sundry privy practices of mauy at 
another." " 

Nor has the subject which occnpied the earnest at- 
tention of politicians in Qnoen Elizabeth's time ceased to 
be of interest ; for, after the lapse of nearly three hundred 
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fears, wo fiud tlie i^mitti aod tlio iron nuuiulJaoturer BtlU 
uppermost in public dujousaiom. It has of late years been 
felt that our much-priBed " hearts of oak " ore no more able 
to Btand against the prowa of mail which were supposed to 
threaten them, than the sticks and etones of the ancient 
tribes were able to resist the men armed with weapons of 
bronze or steel. What Solon eaid to CrojKUB, when the 
latter was displaying his great treasures of gold, still holds 
true ; — " If another comes that hath hotter iron than you, 
he will be master of all that gold," So, when an alchemist 
waited upon the Dnke of Brunswick during the Soveu 
Years' War, and offered to communicate the secret of con- 
verting iron into gold, the Duke replied i— " By no means : 
I want all the iron I can fiud to resist my enemies : as for 
gold, I got it from England." Thus the strength and 
wealth of nations depend upon coal and iron, not foi^etting 
Men, far more than upon gold. 

Thanks to our Annstrouga and Whitwortha, our Browns 
and our Smiths, the iron defences of England, manned by 
our soldiers and our uiilora, furnish the assniancc of con- 
tinued KCcurity for our gold and our wealth, and, what is 
infinitely mure precious, for our industry and our libeil)*. 
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CHAPTER II. 
Kabli Eholibb Ibon MixvvAcnvBX. 



"lit tiuit wi^ll observes it, mid lialh kuown the wbUs nf Snp«I," 
3iirfT, uid Kent, Ihe gram! nursery enpetinlly of oake and Leeeh, ahgl 
ted EVch In altentioD, within ietse liaji 30 yiereg, u nuy oell itnke K 
lot, leal few yeerw more, as pestilent as [he Ibrmer, will leave fewe good 
tma itanding in Ihiue welds. Such n hente iuueth out of the many 
liii|s uid fuinnues for the makiag of iron, and out of the elnue kiinei, 
u iMh devoured manv bmous woods within the weldi," — JOHH 

Fiw recoi'ds exist of the manufacture of iron in England 
Ui«ai']y times. After the Romans left the island, the 
Britiah, or more probably the Teutonic tribes settled along 
toe Bouth ooaat, continued the smelting and manufacture of 
lie metal after the methods taught them by the colonists. 
In tile midst of the insecurity, however, engendered by civil 
*K and social changes, the pursuits of industry nmut 
"Meaaarily have been oonBiderably interfered with, and 
liB art of iron-forging became neglected. No notice of 
won Iwing mode in SnEsex occnrs in Domesday Book, fioin 
wliich it would appear that the manufacture had in a great 
"lamiro coasod in that county at the time of the Conqnest, 
ftujQgh it was continued in the iron-producing diKtritUi 
l«rdering on Wales. In many of the Anglo-Saxon graves 
*liich have been opened, long iron swords have been found, 
lowing that weapons of that metal were in common use. 
Bit it is probable that iron was still scarce, as plonghs 
^ other agricnltural implements continued to bo made 
•( wood, — one of the Anglo-Saxon laws enacting that no 
lun should undertake to gnide a plough who conld not 
K^ one ; and that the cords with which it was bonud 
Aonld be of twisted willows. The metal was held in 
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esteem principaUyaa tlie material of war. All mole adnlta I 
were required to be provided willi weapons, and honour I 
was awarded to such artificers as excelled in the tabricuUoD | 
of Bworda, arms, and defensive armour.* 

Camden incidentally states that tlie manufacture of iron ' 
was continued in the western counties during the 8azon 
era, more particularly in the Forest of Dean, and that in 
the time of Edward the Confessor the tribute paid by the 
city of Gloucester consisted almost entirely of iron rods 
wrought to a size fit for making nails for the king's ships. 
An old religious writer speaks of the ironworkers of that 
daiy us heathenish in their manners, pn£fed np with pride, 
and inflated with worldly prosperity. On the occasion of 
St. Egwin'a visit to the Bmiths of Alcester, as we are told 
in the legend, he found them given up to every kind of 
luxury 1 and when he proceeded to preach unto them, they 
beat upon their anvils ia contempt of his doctrine eo as 
completely to deafen him ; upon which he addressed his 
prayers to heaven, and the town was immediately de- 
stroyed.! ^'^^ ^^^ first reception given to John Wesley by 
the miners of the Forest of Dean, more than a thousand 
years later, was perhaps eoai'oely more gratiiying than that 
given to St. Egwin. 

That working in iron was regarded as an honourable 
and useful calling in the Middle Ages, ia apparent from 
the extent to which it was followed by the monks, some of 
whom wei'e excellent craftsmen. Thus St. Dunstan, who 
governed England in the time of Edwy the Fair, was a 
skUled blacksmith and metallurgist. He is said to have 
had a forge even in his bedroom, and it was there that his 
reputed encounter with Satan occurred, in which of couraa 
the saint oame off the viator. 



• WitHiHS, Legn Sax. a.'i. 

■f Life of SL Egwin, In Capgrave's 
Xboa Legmda Anglia. Alcester wai, 
H in name indicates, an dIJ Roman 
wUlfflnent (sitmtfd on the Icinild 
Stroet), when the ait of working in 



iron was practi>ed irom on esriy period. 
It wu originallr railed Alauna, being 
litnaled on the river Ahie in Warmeli* 
■hire. It is itill s wt of the dmUi 
maoaGicturt. 



There was another munk of St. Alban'e, called Aiiketil, 
■who flourbhed in the twelfth centurj, so famous for his 
skill as a worker in iron, silver, gold, jewelry, and gilding, 
that he was invited by the king of Denmaik to be hia 
goldemith and banker, A pair of gold and silver candle- 
sticks of his manufacture, presented by the abbot of St. 
Alban's to Pope Adrian IV., were so much esteemed I'or 
their esquisite workuiiinKhip that they were consecrated to 
St. Peter, and were the means of obtaining high ecolc- 
siaetical distinction for the abhoy. 

We also find that the abbots of monasteries siticilod 
the ii'on dintiicts, among theii' other labours, devoled 
tbeiuEolves to the manufacture of iron from the ore. 'ITie 
extensive beds of cinders atiU found in the ImmediiLte 
neighbourhood of Hievaulz and Uackness, in Yorkshire, 
ehow that the monks were well acquainted with the art of 
fci^wig. fl^nd early turned to account the riches of the 
Oleveland ironstone. In the Forest of Dean also, the abbot 
of Flailey was possessed of one stationary and one itinerant 
forge, by grant &om Henry II., and he was allowed two 
oaks weekly for fuel, — a privilege afterwards commuted, 
in 1258, for Abbot's Wood of 872 acres, which was hold by 
the abbey until its dlsBolution in the reign of Heniy VIll. 
At the same time the Eail of Warwick had forges at work 
in his woods at Lydney ; and in 1282, oa many as 72 foi^es 
were leased from the Crown by various iron-smelters in 
the same Forest of Dean. 

Iliere are uumeroas indications of iron-smelting having 
tieen conducted on a considerable scale at some remote 
the neighbourhood of Leeds, in Yorkshire. In 
■digging out the foundations of houses in Briggate, the 
'principal street of that town, many " bell pits " have been 
brought to light, from which ironstone has been removed. 
The now cemetery at Burni and tofts, in the same town, was 
do like manner found pitted over with these ancient holes. 
miner seams to have dug & well about 6 feet in dia- 
r, and so soon aa he reached the mmoral, he worked it 
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sway all TOnnd, leBving the hell-shaped cavities in ques- 
tion. He did not attempt any gallery excavations, hut 
when the pit waa exhansted, a fresh one waa Biink. The 
ore, when dng, was transported, most probably on horsoB* 
backs, to the adjacent diBtricts for the convenience of fnol. 
For it waa easier to carry the mineral to the wood — then 
oxolusivoly used for ameltiug, — than to bring the wood 
to the mineral. Hence the numerous heaps of eooriw 
found in the neighbourhood of Leeds, — at Middleton, 
Whitkirk, and HorsfortJi — all within the borough. At 
Horeforth, they are found in conglomerated masses from 
30 to 40 yards long, and of considerable width and depth. 
The remains of these cinder-bode in Tarious poaitiona, some 
of them near the Bummit of the hill, tend to show, that as 
the trees were consumed, a new wind furnace was erected 
in another situation, in order to lessen the labour of carry- 
ing the fuel. There are also deposits of a similar kind at 
Kirkby Overblow, a village a few miles to the north-east of 
Leeds; and Thoresby states that the place was so called 
beoaufie it was the village of the " Ore blowers," — hence 
the corruption of " Overblow." A discovery has recently 
been made among the papers of the Wentworth family, of 
a contract for supplying wood and ofe for iron "blomes" 
at Kirskill near Otley, in the fonrteenth century;* though 
the manufacture near that place has long eince ceased. 

Although the making of iron waa thus carried on in 
various parts of England in the Middle Ages, the quantity 
produced was altogether insufBciont to meet the ordinary 
demand, as it appears from onr early rccoi-ds to b&v& 
long continued one of tha principal articles imported from 
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Ibrcign coimlricp, English iron was not only dearer, bat 
&s much inferior in quality to that maiiufacluroil 
■broad ; and benco all the best arms and tools continued tn 
be made of foreign iron. Indeed the scarcity of this metal 
nccafiionally led to great inconvenience, and to prevent ils 
^siag in price Parliament enacted, in 1354, that no iron, 
rithor wrought or unwrought, ahould be exported, under 
beavy penaltiea. For nearly two hundred years — that is, 
throughout the fourteenth and fifteenth centuries — the 
English market was principally supplied with iron and steel 
from Spain and Germany ; the foreign merchants of the Steel- 
yard doing a large and profitable trade in those commodities. 
While the woollen and other branches of trade were mitVing 
conaiderable progress, the manufacture of iron stood etiU. 
Among the lists of articles, the importation 6t which was 
prohibited in Edward IV. 'a reign, with a view to the pro- 
tection of domestio mannfacttires, we find no mention of 
iron, which was still, as a matt«r of necessity, allowed 

I come freely from abroad. 

The first indications of reviTal ia tho iron manufactuiv 
ihowed themselves in Sussex, a district in which the 
Itomans had established estensive works, and where smells 
ing operations were carried on to a partial extent in 
Ifae neighbourhood of Lewes, in the thirteenth and foui-- 
teentli centuries, where the iron was principally made into 
and horse-shoes. The county abounds in ironstone. 
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which U contained ia Uie BOitdstono bods of tho Foreut 
ridge, lying between the chalk and oolite of the district, 
called by geologiata the Hastings eand. The beds run in 
a north-wost«rly direction, by Ashburnham and Heath- 
liold, to Crowborough and thereabouts. In early times 
Iba region was covered with wood, and was known as the 
tireat Forest of Anderida. The Wuald, or wild wood, 
abounded in oaks of grea-t size, suitable for smelting ore j 
and the prosimity of tho mineral to the timber, aa well 
uH tho situation of the dintrict in the neighbourhood of the 
capital, sufficiently account for the Sussex iron-works being 
among the most important which existed in England pre 
viuus to tho discovery of smelting by pit-coal. 

The iron manufacturers of the sonth were especially 
busy during the fifteenth and sixteenth centuries. Theii 
works were established near to tho beds of ore, and in 
places where water-power existed, or could be provided 
by artificial means. Hence tho numerous artificial ponds 
which are Htill to be found all over tie Suiisex iron 
district. Dams of earth, called " pond-bays," were thrown 
across watercourses, with convenient outlets built of 
masonry, wherein was set tho great wheel which worked 
the hammer or blew the furnace. Portions of the ad- 
joining forest-land were granted or leased to the iroa- 
smelters ; and the many places still known by tho nama 
of "Chart" in the Weald, probably mark the lands char- 
tered for the purpose of supplying the iron-works with 
their neoeesary fuel. The cast-iron tombstones and slabs in 
many Sussex churchyards, — tho andirons and chimney 
backs* still found in old Sussex mansions and (ann-houses, 
and snch names as Furnace Place, Cinder Hill, Forge Farm, 
and Hammer Fond, which are of very frequent occurrenoe 

DV imd othf r implemeDtii fbr 
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.throughout the county, clearly mark the extant and aotiTity 
of tiiis ancient brancliof ioduBtry.* Steel was aleo mamifiio 
tared at Beveral places in the ooiinty, moie pailioolitrly at 
Sleol-Forge Land, Warbleton, and at Hobertebridgo. The 
stael waB said to be of good quality, reeembling Swedish — 
Itotb alike depending for their eixcelleuce on the exclusive 
use of charcoal in emelting the ore, — iron so produced 
maintaining its Boperiority over ooal-smelted iron to thiB 
day. 
When cannon oame to be employed in war, the near- 
)eB of SoBSes to London and the Cinque Ports gave it a 
great advantage over the remoter iron-producing districts 
the north and west of England, and for a long time tha 
iron-works of this county enjoyed almost a monopoly of the 
manufacture. The metal was still too precious to be used 
innon balls, which were hewn of stone from quarries on 
Maidstone Heath. Iron was only available, and that in 
limited quantities, for the fabrication of the oannon them- 
selvea, and wrought-iron was chiefly used for the puipose. 
An old mortar which formerly lay on Eiidge Green, near 
Frant, is said to have been the first mortar made in 
England;! o"ly ^^^'^ chamber was cast, while the tube 
cxtusiBted of bars strongly hooped together. Although the 
local distich says that 



I 18 every reason to belieyo that both < 
'inortars were made in Sussex before Huggett's time ; the 
eld hooped guns in the Tower being of the date of Henry VI. 
The first cast-iron cannons of English manufacture were 
> at Bustead, in Bussex, in 1543, by Ealph Eogge, 
BT founder, who employed as his principal assistant 
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one Potor Baude, a Freachmau. Gun-founding wag a 
E'rouoh. inTention, and Mr. Lower supposes that Ho^a 
brought over Baude from Franoe to teach his workmen t^ 
method of caetiug the guns. About the Bamo time Hogge 
employed a skilled Flemish gunsmith named Peter Van 
Collet, who, according to Stowe, " devised or caused to 
bo made certain mortar pieces, being at the moutli from 
eleven to nine inches wido, for the ose whereof the said 
I'etor oausod to bo made certain hollow shot of caBt-iron to 
be stuffed with fyrework, whereof the bi^er sort for the 
Bamo baa ecrewB of iron to receive a matah to carry fyre for 
to broak in email pieces the said hollow shot, whoroof tho 
smallest piece hitting a man would kill or spoil him." In 
short, I'eter Van Collet hero introduced the manufacture of 
the explosive aholl in the form in which it continued to be 
used down to our own day. 

Baude, the Frenchman, afterwards set up biisinese on 
his own account, making many guns, both of brass and 
iron, some of which are still preserved in the TowerAJ 
OUiBT workmen, learning the trade from Lira, also begi 
to manufacture on their own account ; one of Baudew 
servants, named John Johnson, and after him his i 
Thomas, beooming tamoue for the excellence of their c 
iron guns. The Hoggee continued the business for ei 
generations, and became a wealthy county family. Hu^ 
was another cannon maker of repute ; and Owen beca 
celebrated for his brass culvcrins. Mr. Lower mentioi 
as a curious instance of the tenacity with which fan 
continue to follow a particular vocation, ihat many ] 
Bons of the name of Hu^ott still carry on the trade of 
blacksmith in East Sussex. But most of the early work- 
men at fhe Sueees iron-works, as in other branches of 
skilled industry in England during the sixteenth century, 
were foreigners — Flemish and French — many of whom had 
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ifakken r^ge in this country from tLo religions perseoutionB 
then raging abrosid, while others, of special skill, were 
iuvitod over by the iron manufaotnrers to instrQct their 
Tror&men in the art of metal-founding.* 

As much wealth was gained by the pursuit of tho rovi\'ed 
iron manufacture in Sussex, iron-mills rapidly extcudcd 
over the ore-yielding district. The landed proprioiors 
entered with zeal into this now branch of industry, and 
when wood ran short, they did not hesilato to Bacii&cc 
their ancestral oaks to provide fuel for the fuinaces. Blr. 
Lower eaya even the most ancient families, such as 1ho 
Mevilles, Howards, Percys, Stanleys, Montagues, I'clhama, 
Ashbnmhams, Sidneys, Saokvillea, Daores, and Finches, 
prosecuted the manufacture with all the apparent ardour 
of Birmingham and Wolverhampton men in modern times. 
William Penn, tlio courtier Quaker, had iron -furnaces at 
Hawkhurst and other places in Sussex. The ruins of the 
Ashbnmham forge, situated a few miles to tho north-east of 
BatUe, stilt serve to indicate the extent of the manufaoture. 
At the npper part of the valley in which the works were 
Bitnated, an artificial lake was formed by oonBtracting an 
ent across the watercourse descending from ibe 
jiigher ground,'!' ^'^'^ thus a sufBoient fall of water was 
procured for tho purpose of blowing the furnaces, the site 
of which is still marked by surrounding mounds of iron 
grinders and charcoal waste. Three-quarters of a mile lower 
down the valley stood the foi^e, also provided with water- 
power for working the hammer; and some of the old buiid- 
still standing, among others the boring-houNc, of 
:b, now used as an ordinary labourer's cottage, 
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whoi-9 the guns were bored. The machine was a men 
upright drill worked by the water-wheel, which waa only 
eigbt«en inches across Uie breast. The property belonged, 
aa it still does, to the Ashbiirnham family, who are said 
to have derived great wealth from the manufacture of guns 
at their works, which were among tho last carried on in 
SuBSBx. Tho Ashhumham iron was distinguished for its 
toughiicBK, and was said to be equal to the best Spanish or 
Swedish iron. 

Many new men also became enriched, and founded 
county families ; tho Fuller femily frankly avowing theii 
origin in the singular motto of Carbone ntforcipibiis — literally, 
by charcoal aiid tonga." Men then went into Sussex to 
push their fortunes at tho forges, aa they now do in 
Waloa or Staffordshire ; and they succeeded then, as they 
do now, by dint of application, industry, and euei^. The 
Sussex Arcbffiological Papers for 1860 contain a curioos 
record of sucb an adventurer, in the history of the founder 
of tho GJalo family, Leonard Gale was born in 1620 at 
liiverhond, near Sevenoaks, where his father pursued the 
trade of a blacksmith. When the youth had reached his 
seventeenth year, his father and mother, with five of their 
sons and daughters, died of the plague, Leonard and his 
brother being the only members of the family that survived. 
The patrimony of 200?. left them was soon spent ; after 
which Leonard paid off his servants, and took to work 
diligently at his father's trade. Saving a little money, he 
determined to go down into SuBsex, where we shortly find 
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him working the St. Leoimrd's Purge, oud aftevwards the 
Tenaley Forge near Crawloy, and the Cowden Iron-works, 
which then bore a high reputation. After forty years' 
labaor, he accumulated a good fortune, which ho left to his 
son of the same name, who wont on iron-forging, and 
eventually became a connty gentleman, owner of the house 
and estate of Crahbett near Worth, and Member of Parlia- 
ment for East Grinstead. 

Several of the new families, however, after occupying a 
high poaition in the county, again eubsided into the 
labouring olass, illustrating the Lancashire proverb of 
" Twice cloga, once boots," the sons squandering what the 
&ithera had gathered, and falling back into the ranks again. 
Thus the great Fowlea iamily of fiiverhall disappeared 
altogether from SusBex. One of them built the fine man- 
sion of Biverhall, noble even in decay. Another liad a 
gnmt of &oe warren fi'om King James over his estates 
in Wadhnret, Frant, Rotherfield, and Mayfield. Mr. Lower 
says the fourth in deBcemt from this person kept the turn- 
pike-gate at Wadhurst, and that the last of the familj', 
a day-labourer, emigrated to America in 1839, carrying 
with i*vm, as the sole relic of his family greatness, the royal 
grant of free warren given to his ancestor. The Barhama 
and Mausers were also great iron-men, ofGciating as high 
ebertfii} of tho county at different times, and occupying 
spacious mansions. One branch of these families terminated, 
Mr. Lower eays, with Nicholas Barham, who died in the 
workhoDBe at Wadhnrst in 1788; and another continues 
to be represented by a wheelwright at AVadhnrat of the 

The iron manufacture of Sussex reached its height 
towards the close of the reign of Elizabeth, when tl\a 
trade became so prosperous that, instead of importing iron, 
England began t<) export it in considerable quantities, in 
tlie shape of iron ordnance. Sir Thomas Leighton and Sir 
Henry Neville had obtained patents from the queen, which 
oubled them to send their ordnance abroad, the cons©- J 
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qaence of which was that the Spaniards were fonnd anoing 
their ships and fighting us with gnns of our own mann- 
foctoro. Sir Walter Haleigh, calling attention to the 
subject in the House of Commons, said, " I am sure here- 
tofore one ship of Her Majesty's was able to beat ten 
Spaniards, but now, by reason of our own ordnance, we 
are hardly raatcht one to one." Proclamationa were issued 
rorbidding the export of iron and brass ordnance, and a 
hill w.is brought into Farliament to put a stop to the 
trade; but, notwithstanding these prohibitions, the Sussex 
^tiB long continued to be smuggled out of the countiy in 
considerable numbers. " It is almost incredible," says 
Camden, " how many guns are made of the iron in this 
county. Count Gondomar (the Spanish amhaasador) well 
know their goodness when he so often begged of .King 
James the boon to export them." Though the king refwsed 
his sanction, it appears that Sir Anthony Shirley of Weston, 
an extensive iron-masteT, succeeded in forwarding to the 
King of Spain a hundred pieces of cannon. 

So active were the Sussex manufacturers, and so brisk 
was the trade they carried on, that during the reign of 
James I. it is supposed one-half of the whole quantity 
of iron produced in England was made there. Simon 
Sturtevant, in his ' Treatise of Metallica,' published in 
1G12, estimates the whole number of iron-mills in England 
and Wales at 800, of which, he says, " there are fonre 
hundred mllnes in Surry, Kent, and Sussex, as the towns- 
men of Haslemere have testified and numbered unto me." 
Bnt the townsmen of Haslemere must certainly have been 
exaggerating, unless they counted smiths' and forriers* 
shops in the nnmber of iron-mills. About jhe same time 
that Sturt«vant's treatise was published, there appeared a 
treatise entitled the 'Surveyor's Dialogue,' by one John 
Norden, the objoot of which was to make out a case 
Bgainat the iron-works and their being allowed to burn 
np the timber of the country for fuel. Yet Norden does 
not moke the number of iron-worka much i 
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a third of Sturlevaat's ostimalfi. lie eaya, " I have beard 
thftt there are or lately were in tjuasex neere 140 hammers 
Bad famaoeB for iron, and in it and Surrey adjoining three 
or four glaese-houses." Even the Emaller number stated 
by Noiden, however, ehowB that Sussex was then regarded 
aa the principal seat of tho iron-trade. Camden vividly 
describes the noise oad bustle of the manufaoturo' — the 
working of the heavy hammers, which, " beating upon the 
iron, £11 the neighbourhood round about, day and night, 
with oontinual uoiee." These hammers were for the motit 
part worked by the power of water, carefully stored in the 
ardflcial "Hammer-ponds "above described. The hamnter- 
shaft was usually of aah, about 9 feet long, clamped at 
intervals with iron hoops. It was worked by the revolu- 
tions of the water-wheel, furnished with projecting arms or 
knobs to raise the hammer, which foil as each knob passed, 
the rapidity of its action of course depending on the 
velocity with which the water-wheel revolved. The fotge- 
bWt was also worked for the most part by water-power. 
Where the furnaces were small, the blast was produced by 
leather bellows worked by hand, or by a horse walking in 
u gin. The foot-blasts of the earlier iron-smelters wore 
BO imperfect that but a email proportion of the ore was 
rednced, so that the iron-makera of later times, more parti- 
cularly in the Forest of Bean, instead of digging for iron 
stone, resorted to the beds of ancient scoriae for their 
principal supply of the mineral. 

Motwithstanding the large number of furnaces in blast 
throughout the county of Sussex at the period we refer to, 
their produce was comparatively small, and must not be 
measured by the euormous produce of modem iron-works ; 
for while an iron-fnrnace of the present day will easily 
turn out 150 tons of pig per week, tho best of the older 
fomaces did not produce more than from three to four tons. 
One of the last extensive contracts executed in Snssex was 
the casting of tho iron rails which enclose Bt. Paul's 
Cathedral. The contract was thought too lai'ge for one 
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iron-master to undertake, and it was conseqaently distri- 
buted amongst several contraotora, though tie principal 
part of the work was eieoutad at Lamborhurst, near 
Tunoridge Wells. But to produce the comparatively small 
quantity of iron tnmed oat by the old works, the con- 
sumption of timber waa enormous ; for the making of 
every ton of pig-iron required Ibur loads of timber oon- 
verted into charooal fuel, and the making of every ton of 
bar-iron I'eqaired three additional loads. Thus, notwith- 
standing the indispensable need of iron, the extension of 
the uianutacture, by threatening the destruction of the 
timber of the southern counties, oamo to be regarded in 
Ihe light of a national calamity. Up to a certain point, 
the clearing of the Weald of its dense growth of underwood 
had been of advantage, by affording better opportunities 
for the operations of agriculture. But the " voragions 
iron-milla" were proceeding to swallow tip eveiytfaing 
that would bum, and the old forest growths were rapidly 
disappearing. An entire wood was soon exhausted, and 
long time was needed before it grew again. At Lamber- 
hurst alone, thongh the produce was only about five tons 
of iron tk-week, the annual conaumption of wood was about 
200,000 cords ! Wood continued to be the only material 
used for fuol generally — a strong prejudice existing against 
tho use of aea-coal for domestio purposes." It therefore 
began to be feai'od that there would be no available fuel 
loft within practicable reach of the metropolis; and the 
contingency of having to face the rigorous cold of an 
English winter without fuel naturally occasioning much 
nlorni, tho action of the Government was deemed nooea- 
wry to remedy the apprehended evil. 
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To check the destrnction of wood near London, oil Aol 
wae passed in 1581 prohibiting its conversion into fuel for 
the ntaking of iron within fonrteen miles of the Thames, 
K>rbiddtng the erection of new ironworks within twenty- 
two miles of London, and restricting the nnmber of works 
in Kent, Snrray, and Sossei, beyond the above limits. 
Similar enactmenta were made in future I'arliaments with 

same object, which had the eficct of checking tlie 
trade, and several of the Sussex ironmasters were under 
the necessity of removing their works elsewhere. Some 
of them migrated to Glamorganshire, in South Wales, 
because of the abundance of timber as well as ironstone in 
that quarter, and there set up their foi'ges, more particu- 
larly at Aberdare and Merthyr Tydvil. Mr. Llewellin baa 
recently published an interesting acoonnt of their proceed- 
ings, with descriptions of tlieir works,* remains of which 
Btill exist at Llwydcoed, Pontyryns, and other places in 
the Aberdara valley. Among the Sussex masters who 
settled in Glamorganshire for the purpose of carrying on 

iron manufacture, wore Walter Burrell, tho friend of 
John Bay, the naturalist, one of the Morleys of Glyndo in 
Sussex, the Uelfee from Mayfield, and the Cheneys fiom 
Crawley 

Notwitnstanding these migrations of enterprising manu- 
(aataniB, the iron trade of Sussex continued to exist until 
the middle of the seventeenth century, when the waste 
of timber was again urged upon the attention of Parlia- 
ment, and the penalties for infringing the etatutes seem 
to have been more rigorously enforced. The trade then 
Buffered a more seriouH check ; and during the civil wara, 
a heavy blow was given to it by the destruction of tho 
works belonging to all royalists, which was accomplished 
by a division of the army under Sir William Waller. Most 
of the Welsh ironworks were razed to the ground about 
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thd same time, and were not again rebuilt. And after the 
Beatoradon, in 1674, all the royal ironworks in the Forest 
of Dean wore demoliahed, leaving only Bach to be sup- 
plied with ore as were beyond the forest limits ; the reaooD 
alleged for this measnre being lest the iron manufactnre 
should endanger tho supply of timber required for ship- 
building and other necessary purpoees. 

From this time the iron manufacture of Sussex, as of 
England generally, rapidly declined. In 1740 there were 
only fifty-nino fiimaoes in all England, of which ten were 
in Sussex ; and in 1 788 there were only two. A few years 
later, and the Sussex iron fumaoea were blown out alto- 
gether. Famhurst, in western, and Ashbumham, iu eastern 
Sussex, witnessed the total extinction of the manoFacture. 
The din of the iron hammer was hushed, the glare of the 
furnace faded, the last blast of the bellows was blown, and 
the district returned to its original rural solitude. Some 
of the fumaco-ponda were drained and planted with hops 
or willows ; others formed beautifal lakes in retired plea- 
sure-grounda ; while the remainder were used to drive 
£our-mills, as the streams in North Kent, instead of driving 
fulling-mills, were employed to work jHtpet-milla. All 
that now remains of the old iron-works are the extensive 
beds of cinders from which material is occasionally taken 
tn mend the Sussex roads, and the numerons fnmace-pondB, 
hammer- posts, forges, and cinder places, which n 
seats of Uio ancient manu&cture. 
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iHOS-eUKLTIBO BT PiT-CoAL — SrD DUDLBE. 



" G*d of his Infinil* gooJneM (ifwe will but lakt notice of hi> g«>iln«> 
ntito this Nation) halh mode this Country a ver; GranBi7 for tllD nupplf- 
ii^ of Smillis with Imu, Cole, nod Llnw mode with cols, whidi hMh 
much lUpplisl theK men with Com also of lite ; and fNiD these mm a 
great [lut, aot only of this Island, but alw of hii Majntia'e other 
KingdoDU and Territories, with Iron wktes have their lupply, and Wood 
111 these parts almast eihait>t«d, althotigh it were of late n nujjbtj wooJ- 
UuJ couaiTf,"— Dudley's Metallum Mailii, 1665. 



The eeverQ restrictioiis enforced by the legislature agniunt 
the nse of wood in iron^smelting had the eifcct of almost 
eitingnishing the maniifacttire. New furnaces ceaeed to bo 
erected, and many of the old ones were allowed to fell 
into decay, until it began to be feared that this important 
braach of indnatry would become completely lost. The 
Bame restriotiona alike affected the operations of the glass 
matm&ctnre, which, with the aid of foreign artisans, had 
been giadnally established in England, and was becoming a 
Ihriving branch of trade. It was even proposed that the 
smelting of iron should be absolutely prohibited : " many 
tlunk," said a contemporary writer, "that there should be 
no Tcorhs anT/whert — they do so devour the woods," 

The use of iron, however, conld not be dispensed with. 
The very foundations of society rested upon an abundant 
supply of it, for tools and implements of peace, as well as 
for weapons of war. In the dearth of the article at homo, 
a snpply of it was therefore songht for abroad ; and both 
iron and eteel came to bo imported in largely-increased 
qnontitiea. This branch of trade was pnnoipally 
baade at tlie Steelyard Company of Foreign Merchants, 
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establishoiJ in Upper Thames Street, a little above IxaU 
Bridge ; and thej imported large quantities of ii 
steel from foreign countries, principally from Swodea, 
Germany, and Spain. The beat iron came from Spain, 
though the Spatuarda on their part coveted our English 
made cannons, which were better manufactured than 
theirs; while the beat steel came from Germany and 
Sweden.* 

Under these circumstances, it was natiiral that persons 
interested in the English iron manufacture should turn 
their attention to some other descriptiou of fuel which 
should servo as a substitute for the prohibited article. 
There was known to be an abundance of coal in the northern 
and midland counties, and it occurred to some BpecnlatoT« 
more than usually daring, to propose it as a substitute for 
the charcoal fuel made from wood. But the same popular 
prejudice which existed against the use of coal for domestic 
purposes, prevented its being employed for purposes of 
manufacture ; and they Were thought very foolish petsons 
indeed who first promulgated the idea of smelting iron by 
means of pit-ooal. The old manufacturers held it to be 
impossible to reduce the ore in any other way than by 
means of charcoal of wood. It was only when the wood 
in the neighbourhood of the ironworks had been almost 
entirely burnt up, that the manufacturers were driven to 
entertain the idea of using coal as a substitute ; but more 
than a hundred years passed before tlie practice of smelting 
iron by its means became general. 

The first who took out a patent for the purpose was one 
Simon Sturtevant, a German skilled in mining operations ; 
the professed object of his invention being " to nealo, melt, 
and worke all kind of metal oares, irons, and ateeles with 
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•oa-coale, pit-coale, earth-coale, nud brush fewell." 'Hm 
principal end of his iuveutioD, he states in bin Ti-ealisa of 
Metalliaa,* is to Bsve the cODBumption anil waste of the 
woods and timber of the conntTy ; and, should his design 
snooeed, he holds that it " wiU prove to bo the best and 
moBt profitable bneiness and inyention that ever was known 
or invented in England these many yepj'eB." He says he 
ali-eady made trial of the process on a small scale, and 
IB oonfident that it will prove egual'.y successful on a lai^ 
Sturtevant was not very epecifio as to his process ; 
bat it incidentally appears to have been his pui-poee to 
lednoe tho coal by an imperfect combustion to the con- 
dition of coko, thereby ridding it of " those malignant 
proprieties which are averse to the nature of metallique 
sabatanoes." The subject was treated by him, as was 
onstomary in those days, as a great mystery, made still 
more mysterious by the multitude of learned words under 
irhich be undertook to describe his " Ignick Invention." 
All the operations of industry were then treated as secrets. 
Eftch trade was a craft, and those who followed it were 
called craftsmen. Even the com.mon carpenter was a handi- 
craftsman ; and skilled artisans wero " cunning men." But 
tho higher branches of work were mysteries, the com- 
monioBtion of which to others was carefully guarded by 
the regulations of the trades guilds. Although the early 
patents are called specifications, they in reality specify 
nothing. They are fur tho most part but a mere haz« 
of words, from which very little definite information can 
gleaned as to tho processes patented. It may be that 
Sturtevant had not yet reduced his idea to any practicable 
method, and therrfore could not definitely esplain it. 
However that may be, it is certain that his process tailed 
when tried on a large scale, and Sturtevant's patent wag 
■coordingly cancelled at the end of a year. 
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Tbo idoa, howovor, had been fairlj bom, and repeated 
patents were taken ont with the same object from time 
to time. Thoa, immediately on Sturt«vaDt's failure be- 
coming known, one John Hoveuzou, who had been mixed 
up with the other's adTenture, applied for a patent for 
making iron by the same prooess, which wbs granted 
him in 1613. His 'Treatiee of Metallioa'* ehow^ that 
HoTQnzon hod a true ooncoption of the method of mana- 
fecture. Neverthelesa be, too, failed in carrying out the 
invention in praottce, and his patent was also cancelled. 
Though these failurea were very discouraging, like experi- 
ments continued to be made and patents taken out, — 
principally by Dutchmen and Gormann, | — but no decided 
succeSH seemB to have attended their efforts until the year 
1620, when Lord Dudley took out his patent " for melting 
iron ore, making bar-iron, &o., with coal, in fumace§, with 
bellows," Thia patent was taken out at the instance of 
Ikia Bon Dud Dudley, whoso stoty wo gather partly from 
hia treatise entitled ' Metallum Slartis,' and partly from 
various petitions presented by him to the king, whioh 
are preserved in the State Paper Office, and it runs as 
follows r — 

Dad Dudley was bom in 1599, the natural son of 
Edward Lord Dudley of Dudley Castlo in the county of 
Worceator. Ho was the fourth of ole^■en children by the 
same mother, who is described in the pedigree ot tlio 
family given in the Herald's visitation of the county of 
Stafford in the yeM' 1663, signed by Dud Dudley himself, 
as " Elizabeth, daughter of William Tomlinison of Dudley, 
concubine of Edward Lord Dudley." Dud's eldest brother 
is described in the same pedigree as Eobert Ihidley, Squire, 
of Netherton Hall ; and as his sisters mostly married well, 
several of them county gentlemen, it is obvious that the 
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lily, DOtwithstanding that iha children weru boi-n out 
r wedlock, held a good position in their ncigbboDrliooil, 

I wore r^ftrded with reHpect. Lord Dudley, though 
lied and havisg legitimate heira at the time, beemii 
to have attended to the up-bringing of his natural 
children ; educating them carefully, and ofifirwnrdB em- 
ploying them in confidential ofGces connecti^d with tlic 
management of his extenfiive property. Dud describes 
himself as taking gieat delight, when a youth, in his 
fiither'e iron-worltH near Dudley, where he obtained con- 
siderable knowledge of the various proceaeea of tho maun- 
faoture. 

The town of Dudley was already a centre of the irou 
manufactnro, though chiefly of small waree, such ns nails, 
horse-Bhoes, keys, looks, and common agriciiitiuul toolw ; 
and it was estimated that there "wore about 20,000 (imiths 
and workers in iron of various kinds living within a 
cirotiit of fen miles of Dndloy Castle. But, as in tlie 
sontbein counties, the production of iron had suffered great 
diminution from the want of fuel in the district, " though 
Ibnnarly a mighty woodland country ;" and many im- 
portant branches of the local trade were brought almost to 
a stand-etill. Yet there was an extraordinary ahundance 
of coal to be met with in the neighbourhood — coal in some 
places lying in aeams ten feet thick — ironstone four feet 
thick immediately under the coal, with limestone con- 
veuiently adjacent to both. The conjunction seemed 
almost providential — "as if," observes Dud, "God bad 
deoreod the time when and how these smiths shonid bo 
supplied, and this island also, with iron, and mot>t espo- 
cially that this otde and ironstone should give the tirst 
and juflt occasion for the invention of smelting iron with 
pit-cole;" though, as we have already seen, all attempts 
heretofore made with that object bad practically failed. 

Dud was a special favourite of the Earl his father, who 
e.icouraged his specidations with reference to the improve- 
luent of the ii'ou manufacture, and gave biut an education 
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Dnlculated to enable him. to turn his oxoellent pi'aotical 
abilities to acoouot. He was etudying at Baliol College, 
Oxford, in the year 1619, wheu the Earl sent for hini to 
take charge of an iron furnace and two forges in the chase 
of Poaanot in Woroesterahire, He was no sooner installed 
managor of the works, than, feeling hamjmred by the 
want of wood for fuel, his attention was directed to the 
employment of ptt-coal as a substitute. He altered his 
furnace accordingly, so ae to adapt it to the new process, 
and the result of the first trial was such as to induce him 
to persevere. It is nowhere stated in Dud Dudley's Trea- 
tiso what was the precise nature of the method adopted by 
hi m ; but it is most probable that, in endeavouring to sub- 
stitute coal for wood as fiiel, he would subject the coal to 
a process similar to that of charcoal^buming. The lesult 
would be what is called Coke ; and as Dudley inforuiH us 
that he followed up his first esperiment with a second 
blast, by means of which he waa enabled to produce good 
marketable iron, the presumption is that his success wita 
also due to an improvement of the blast which he con- 
trived for the purpose of keeping up the active combustion 
of the fuel. Though the quantity produoed by the ne^v 
process was comparatively small — not more than three 
tons a week from each furnace — Dudley anticipated that 
greater experience would enable him to increase the quan- 
tity; and at aJl events he had succeeded in proving the 
practicability of smelting iron with fuel made from pit- 
coal, which so many before him had tried in vain. 

Immediately after the second trial had been made with 
such good issue, Dud wrote to his lather the Earl, then ip 
London, informing him what he had done, and desiring 
him at once to obtain a patent for tho invention froK 
King James. ITiis was readily granted, and the patei 
(No. IS), dated the 22nd February. 1620, was taken ( 
in the name of Lord Dudley faimself. 

Dud proceeded with the manufaetuiB of iron at Pens 
uid aim at Crodley in Staffordshire where he i 
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furnace; and a year after the patent was granted 
he was enabled to send up to the Tower, bj the King's 
oommand, a considerable quantity of the new iron for triaL 
Huiy experiments were made with it : its qualities were 
Curly teBted, and it was pronoTinoed " good merchantable 
iron." Dnd adds, in his Treatise, that his brother-in-law, 
Btf^iBrd Parksbouse, of Sedgeley,* " had a fowling-^n 
there made of the Pit-cole iron," which was "well ap- 
proved," There was therefore every prospect of the in;w 
method of manufacture becoming fairly established, and 
with greater experience further improvements might with 
confidence be anticipated, when a succession of calamities 
oocnrred to the inventor which involved him in difficulties 
and put an effectual atop to the progress of his enterprise. 

The new works had been in successful operation little 
more tlian a year, when a flood, long after known as 
the " Great May-day Flood," swept away Dudley's prin- 
cipal worka at Cradley, and otherwise inflicted much 
dunage throughout the distriot. " At the market town 
called Stourbridge," says I>ud, in the course of his curious 
narrative, "although the author sent with ppeed to pre- 
serve the people from drowning, and one resolute man was 
carried from the bridge there in the day-time, the nether 
part of the town was so deep in water that the people had 
nuch ado to preserve their lives in the uppermost rooms of 
their houses." Dudley himself received veiy little sym 
pathy for his losses. On the contrary, the iron-smelters of 
ihe district rejoiced exceedingly at the destruction of hia 
works by the flood. Uliey had seen liim making good iron 
by hia new patent process, and selling it cheaper than they 
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could afford to do. 'Iliey ocoordisgly put iu circulation all 
maaner of diapaj^ng raporte about bis iron. It was bad 
iron, not fit to bo used ; indeed no iron, except what wu 
amoltod with charcoal of wood, could be good. To smeit 
it with coal was a dangerous innovation, and coiild only 
result in soma great public calamity. The ironmasters 
even appealed to King James to put a stop to Dud's mann- 
facture, alleging that his iron was not merchantable. And 
then came the great flood, which swept away his works; 
the hostile ironmasters now hoping th^.4^ there was an end 
for over of Dudley's pit-coal iron. 

But Dud, with hifi wonted energy, forthwith set to work 
and repaired his furnaces and forges, though at great cflst ; 
and in the course of a short time the new manufacture wu 
again in full progress. The ironmaatera raised a fresh 
outci'y against him, and addressed another strong memo- 
rial against Dud and his iron to Kong James. This seems 
to have taken effect ; and in order to ascertain the quality 
of the article by testing it upon a Iwge scale, the King 
commanded Dudley to send up to the Tower of Loudon, 
vrith every possible speed, quantities of all the sorts of bar- 
iron made by him, fit for the " making of niuskF\ts, cai bines, 
and iran for great bolta for shipping ; which iron,'' conti- 
nues Dud, "' being so tried by artists and smiths, the iron- 
masters and iron-mongers were all silenced until the 2]Kt 
year of King James's reign." The ironmasters then en- 
duavoured to get the Dudley patent included in the mono- 
polies to be abolished by the statute of that year; but all 
they could accomplish was the limitation of the patent to 
fourteen years instead of thirty-one ; the special exemption 
of the patent from the operation of the statute affording a 
sufficient indioation of the importance already attached to 
the invention. After that time Dudley " went on with his 
invention cheerfully, and made annually great store of irtai, 
fiCood and merchantable, and sold it unto diverse men al 
twelve pounds per ton." "I also," said he, "made aS 
sorts of cast-iron wares, as brewing cisterns, pota, mortan, 
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kc., better and cheaper than any yet made iu tlieae nationa 
^ith charcoal, somo of wh.iah are jet to be seen by any 
1 (at the author's hoBse in the city of WoroeMter) that 
be satisfied of the truth of the invention." 
Kotwithstanding this decided BUoceHH, Dudley oncmin- 
tered nothing but trouble and misfortune. The iron- 
pasters combined to reBiat his invention ; they fastened 
lawsuits upon him, and EUcceeded in getting him onuttd 
^om his works at Oradiey, From thence he removed l.o 
1 the county of StatFord, where he set up a pit- 
1 furnace; but being without the means of forging the 
i into bars, he was constrained to bbU the pig-iron to 
the chavcoal-ironmasters, " who did him much prejudice, 
not only by detaining his stock, but also by disparaging 
hia iron." He nest proceeded to erect a large new furnace 
at Haeco Bridge, near tiedgeley, in the same county, for the 
purpose of cariying out the manufacture on tho most im- 
proved prinoiploB, This iiimaoe was of stone, twenty-eeven 
feet square, provided with unusually large bellows ; and 
when in fiill work he says ho was enabled to turn out seven 
tons of iron per week, " the greatest quantity of pit-coal 
iron ever yet made In Great Britain." At the same place 
lie diBOOverod and opened out new workings of coal ten 
feet thick, lying immediately over the ironstone, and he pre- 
pared to carry on his operations on a large scale ; but the 
new works were scarcely finished when a mob of rioters, 
instigated by the charcoal-ironmasters, broke in upon them, 
1 pieces the new bellows, destroyed the machinery, 
I and laid the results of all his deep-laid ingenuity and pcr- 
eting industry in ruins. From that time forward Dudley 
) allowed no rest nor peace : he nas attacked by mobs, 
worried by lawsuits, and eventually overwhelmed by debts, 
e was then seized by his creditors and sent up to London, 
a he was held a prisoner in the Comptoir for several 
ind pounds. Tho charcoal-iron men thus for a time 
ined masters of tho field. 
Cluirlea I- seems to ha^e taken pity on the suffering iU' 
X -2 
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venWr ; und on faia earnest petitiou, sotliiig forth the great 
advantages to the nation of his invention, from wbidi he 
had as yet derived no advantage, but only losses, sufTerings, 
and persecution, the King granted liim a renewal of his 
patent* in the year 1638; three other gentlemen joining 
him as partneru, und doubtless providing the requisite 
capital for carrying on the mannfacture after the plana of 
the inventor. But Dud's evil fortune continued to puisne 
him. The patent had scarcely been secui'ed ere tJie Civil 
War broke out, and the arts of peace must at once perforce 
give place to the arta of war. Dud's nature would not 
Buffer him to be neutral at such a time; and when the 
nation divided itself into two hostile camps, his predilec- 
tions being strongly loyalist, he took the side of the 
King with his father. It would appear from a petition 
presented by him to Charles II. in 1660, setting forth his 
eufieriogs in the royal cause, and praying for restoral to 
certain oGGces which ho had enjoyed under Charles I., that 
as eai-ly as tho year 1G37 ho had been employed by the 
King on a mission into Scotland.t in the train of the 
Marquis of Hamilton, the King's Commissioner. Again 
in 1639, leaving hie ironworks ^id partners, he acooni- 
panicJ Cfaarloa on his expedition across the Scotch border, 
and was present with the army until it^ discomfiture ut 
Newburn near Newcastle in the following year. 

The eword was now fairly drawn, and Dud seems for 
a time to have abandoned his iron-works atkd followed 
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he sayi, " he got gold." It dws not 
appear, however, that Kay iron (mjffiA 
etiited in Scotland at the time; indeed 
Dudley eipre«iy sayi that " ScolJsnil 
makeUi no iron ;" and in bia tnatiia 
of 1685 be nrges that the Corpatatioa 
of the Mines Royal ehould set him lut 
his invention* st work to enable Soot- 
land Id enjoy the benefit of a cheap 
and abnixlant supply of the mano* 
fectund article. 



.tirely the fortunea of tbe king, lie was sworn miiTeyor 
of the MeWB or Armoury in 1640, but being unable to pay 
for the patent, another was sworn in in bis plaoe. Yet hia 
loyalty did not falter, for in the beginning of 1642, when 
Charles set out from London, shortly after tbe fall gt 
Strafford and Laud, Dud went with bim.* He was present 
before Hull when Sir John Hotbam nbut its gates in the 
king'fl face; at York when tho royal fommisBions of array 
1 Bont out enjoining all loyal eubjocts to send men, 
arma, money, anil boraes, for defence of tbe king and 
tnaintenanue of tbe law ; at Nottingham, where tho royal 
Btandard waa raised ; at Coventry, whore the townspoople 
lefased the kiog entrance and fired upon bis troops from 
the walls ; at EdgebiU, where tbe first great but indeoisivB 
battle was fought between tbe contending parties ; in short, 

Dnd Dudley states in bis petition, he was " in most of 
the battailes that year, and also supplyed bin late aacred 
Majestie's magazines of Stafford, Worcester, Dudley Caatle, 
And Oxford, with anus, shot, drakes, and cannon ; and aleo, 

came major unto Sir Frauucis Woreley's regiment, which 

IB. much decaied." 

In 1648, acooi'ding to the statement contained in hia 
petition above referred to. Dud Dudley acted as militaiy 
"neer in setting out the fortifications of Worcester and 
Stafford, and furnishing them with ordnance, After the 
itaking of Lichfield, in which he had a share, be wae made 
Colonel of Dragoons, and accompanied the Queen with his 
raiment to tbe royal head-quarters at Oxford. The year 
after we find him at tbe Biego of Qlouceater, then at the 
first battle of Newbury leading the forlorn hope with Sir 
George Lisle, afterwarda marohing with Sir Charles Lucna 
iXHto the associate counties, and present at tbe royalist rout 
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»t Kewport. Thnt ha was esteemed a valiaut and skilful 
officer U apparent from the oiTcnowtanoe, that in 1645 
he was appointed general of Prince Maurice's tnun of 
artillery, and aftarwardB held the eame ratkk under Lord 
Ashley. The iron districtA being still for the most part 
occnpiod by the royal armies, our military engineer turned 
]ih practical experiooce to account by directing the foi^ng 
iif drakoe • of bar-iron, which were found of great use, 
giving up bifl own dwelling-houao in the city of Worcester 
for the purpose of carrying on iJie manufacture of these 
and other anae. But Worcester and the western towns 
fell before the Parliamentarian armies in 1646, and all 
the iron-worka belonging to royalists, from which the 
principal supplies of arms had been drawn by the King's 
army, were forthwith destroyed. 

thidley fully shared in the dangers and Ticissitndoa of that 
trying period, and bore his part throughout like a valiant 
soldier. For two years nothing was heard of liim, until 
in 1648, when the king's party drew together ^;aiii, and 
made head in different parts of the country, north and 
soath. Goring raised bis standard in Essex, but was 
driven by Fairfax into Colchester, where he defended 
himself for two months. While the siege was in progress, 
the royalists determined to make an attempt to raise it. 
On this Dud Dudley again made his appearance in tho 
field, and, joining sundry other countfes, he proceeded to 
raise 200 men, mostly at his own charge. They wero, 
however, no sooner mustered in Bosco Bello woods near 
Madeley, than they were attacked by the I'arliameutarians, 
and dispersed or taken prisoners. Dnd was among those 
so taken, and ho was flrgt carried to Hartlebury Castle 
and thenoo to Worcester, where he was imprisoned. Ha- 
connting the safferings of himself and hia followers od 
this ocoaeion, in the petition presented to Charles II. is 
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1660,' he saya, " 200 moa were dispersed, killed, and some 
taken, namely, Major Harcourt, Major Elliotts, Capt. Long, 
uidComet HodgettB,ofwhom Major HarcourtwaB miserably 
burned vith matches. The potitioner and the rest 'were 
stripped almost naked, and in triumph and e<^om carried 
np to the city of Worcester (which place Dud had fortified 
for the king), and kept close priaoners, with double guards 
set upon the prison and the city." 

Notwithstanding this close watch and durance, Dudley 
and Major Elliotts contrived to break out of gaol, making 
their way OTer the tops of the honsea, afterwards passing 
the goards at the city gates, and escaping into the open 
country. Being hotly pursued, they travelled during the 
night, and took to the trees during the daytime. Thoy 
snoceeded in reaching London, but only to drop again into 
the lion's month ; for first Major Elliotts was capturud, then 
Dudley, and both were taken before Sir John Warner, the 
Lord M^or, who forthwith sent them before the "cursed 
oommittee of insurrection," as Dudley calls them. The 
prisoners were summarily sentenced to be shot to death, 
and were meanwhile closely imprisoned in the Gatehouse 
at Weetminater, with other Eoyalista. 

The day before their intended eieontion, the priBonera 
formed a plan of escape. It was Sunday morning, the 20th 
August, 1648, when they seized their opportunity, "at ton 
of the oloeke in sermon time ; " and, overpowering the 
gaolers, Dudley, with Sir Henry Bates, Major Elliotts, 
Captain South, Captain Farie, and six others, succeeded in 
getting away, and making again for the open conntiy. 
Dudley had received a wound in the leg, and could only 
get along with great difficulty. He records that be pro- 
eeeded on crutches, through ^Vorcester, Tewkesbury, and 
Gkraoester, to Bristol, having been " fed three weeks in 
private in an enemy's hay mow." Even the most lynx- 
eyed Papliamentarian must have failed to rect^ise tht 

■ Stats Paper OfSee, Dom. Cliarlea 11., toI. xi. bi. 
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(liiondam royalist geteral of artiUory in the help) 
croaturo drawing himself along upon cmtoheB; and J 
reached Bristol in safety. 

Hia military career now over, lie found himself I 
Bolutoly pennilosa. Hia estate of about 200^ 

had been sequestrated and sold by the government ; • 

houae in Worcester had been seized and his sickly wile 
turned out of doors ; and hia goods, stock, great shop, and 
ii'onworks, which he himself valued at 2000i., were de- 
stroyed. Ho had also lost the offices of 8ei]oant-at-anne, 
Lieutenant of Ordnance, and Surveyor of the Mews, which 
he had held under the king; in a word, he found himself 
reduced to a state of otter destitution. 

Dudley was for some time under the necessity of living 
in great privacy at Bristol ; but when the king had been 
executed, and the royalista were finally crushed at Wor- 
coater. Dud gradually emerged from his concealment. He 
was stilt the sole posseasnr of the grand secret of smelting 
iron with pit-coal, and he resolved upon one more commer- 
cisd adventure, in the hope of yet turning it to good account. 
Ho succeeded in inducing Walter Stevens, linendraper, 
and John Stone, merchant, both of Bristol, to join him ae 
partnera in an ironwork, which they proceeded to erect near 
that city. The buildings were well advanced, and nearly 
700Z. had been expended, when a quarrel occurred between 
Dudley and his partners, which ended in the stoppage of 
the works, and the concern being thrcvn into Chancery. 
Dudley alleges that the other partners " cunningly drew 
him into a bond," and " did unjustly enter staple actions In 
Bristol of great valne against him, because he was of tho 
king's party;" but it would appear as if there had been 
some twist or infirmity of temper in Dudley himself, which 

* Tht Journals of lh« Houh of imd tstnta forfeited to thr Comnoo. 
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prevented him from working hannoniously with Bucb j)er- 
eons OS be became aeeociated with in afiairs of business. 

In the mean time other attempts were made to smelt 
iron with pit -coal. Dadley says that Cromwell and 
the then Parliament gi'anted a. patent to Captain Buck 
for the purpose ; and that Cromwell himsolf, Major WilJ- 
mun, and various others were partners in the patent. They 
erected fumacsB and works in the Forest of Dean ;• but, 
though Cromwell and his officers could fight and win 
battles, they could not smelt and forge iron with pit-coal. 
They brought one Disney, an Italian glaas'maker. from 
Brirtol, to erect a new furnace for them, provided with 
Gundry pota of glass-house clay; bnt no snoceas attended 
their efforts. The partners knowing of Dudley's possession 
of the grand secret, invited him to visit their works ; but 
all they could draw from him was that they wonld never 
succeed in making iron to profit by the methods they were 
pnTBning. They next proceeded to erect other works at 
Bristol, but still they failed. Major Wildmouf bought 
Dudley's sequestrated estate, in the hope of beieg able to 
extort his secret of making iron with pit-coal ; but all 
their attempts proving abortive, they at length abandoned 
he enterprise in despair. In 1666, one Captain Copley 
btained from Cromwell a further patent with a similar 
object ; and erected works near Bristol, and also in the 
Forest of Ejngswood. The mechanical engineers employed 
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by Copley failed in making hie bellowa blow; od whioh 
he sent for Dudley, wbo forthwith " made hia bellowB to 
be blown feisibly;" but Copley failed, like his predeces- 
eoTs, in making iron, and at length he too dosiGted from 
further experiments. 

Such continued to he the etato of things until the Rosto- 
mtion, when we find Dud Dudley a petitioner to the king 
fur the ronowal of hiB patent, lie was also a petitioner 
for compensation in respeot of the heavy loeeeB he had 
Bustained during the civil wara. ITie king was besieged 
hy crowds of applicants of a similar sort, but Dudley was 
no more euacessful than the others. He failed in obtain- 
iijg the renewal of his patent. Another applicant for the 
like privilege, probably having greater interest at court, 
proved more suecessfiil. Colonel Froger and three others 
were granted a patent to make iron with coal ; but Hw" 
know the secret, whioh the new patentees did not 
their patent came to nothing. 

Dudley continued to address the king in importunal 
petitions, asking to be restored to hia former offices of 8ei 
jean(>at-arm8, Lieutenant of Ordnance, and Surveyor of the 
Mews or Armoury. He also petitioned to be appointed 
l^Iaster of the Charter House in Smithfield, professing hiw- 
Kolf willing to take anything, or hold any living.^ We 
find him sending in two petitions to a simiiar efifect in 
.,nne, 1660; and a third shortly after. The result was, 
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bat he was reappointed to the office of Serjeant-at-Anas ; 
mt tlie Maeterdiip of the Charter- House wm not dispoBed 
tf nntil 1662. when it fell to the iot of one Thomas Wat- 
In 1661, we find a patent granted to Wm. Chamher- 

lune and Dudley, Esq., for the sole use of their new 

inTention of plating steel, Ao., and tinning the naid plates ; 
but whether Dud Dudley waa tho person referred to, we are 
Diablo precisely to determine. A few yeare later, he eoemH 
to We succeeded in obtaining the means of proseouting his 
original invention ; for in hia Mtfidlum Martia, published in 
1665, he describes himself aa living at Green's Lodge, in 
StifibrdBhire; and hesays that near it are fourforges, Green's 
forge, Swin Forge, Heath Forge, and Cradley Forge, where 
ttepaotises his " perfect invention." These forges, he adds, 
"have barred all or most part of their iron with pit-coal 
sinoB the author's first invention in 1618, which hath pre- 
served much wood. In these four, besides many other 
i>rgBB, do the like [nc] ; yet the author hath had no benefit 
"iMeby to this present." From that time forward, Dud 
IB lost to sight. He seems eventually to have retired 
to St. Helen's in Woroeeterahire, where ho died in 1 G84-, in 
I year of his age. He was buried in tho parish 
''hureh there, and a monument, now dortroyed, was 
^'ected to his memory, bearing the iascription partly Bet 
•orth nndemeath-f 
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'' Thtrc nivtr hare been wonting niea to nhom Englaiul't improTcnwit 
bjsn nndlBiid wbkods of the denrst thoughtj! of their lira, and tDwhun 
tiitgUiid'i good was thfl foremoiit o! thai worldly conaido-iLtiona. 
' atlcallf , wai Andrew Vaii-oDton, a true patriot in lii 
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That industry had a aore time of it during the civil v 
will further appear from the following brief account o 
Andrew Yarrautos, which may be takea as a companion 
momoir to that of Dad Dudley. For Yarrantou also waa 
a Worcester ironmafitcr and a. soldier — tho'igh on the 
opposile side,— bnt more even than Dudley was he a 
mim of public spirit and enterprise, an onlightonod poli- 
tical economist {long before political economy had been 
recognised aa a science), and in many respects a tinie na- 
tional benefactor. Bishop Watson said that he ought to 
have had a statue erected to his memory because of bis 
eminent public services ; and an able modem writer has 
gone so far as to say of him that he was " the foimder of 
Engiish political economy, the first man in England who 
eaw and said that peace was bettor than war, that trade 
was better than plunder, that honest industry wan bettor 
than martial greatness, and that the best occupation of a 
govomment waa to secure prosperity at homo, and let other 
nations alone."* Yet the name of Andrew Yarranton ia 
Bcaroely remembered, or is at most known to only a few 
readers of half-foigotten books. The following brief out- 

* fiZBjasEnitiaoDofF^ElcmmttofJ'olllkalScitiKi. Kdinburgfa, igM 
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lina of hia hiBtory ia gathered from hia own nan'stive and 
(mm doonmenU in the State I'apor Officii. 

Andrew Yarranton wae bom at the fannBtead of Laiford, 

>S the parish of Afitley, in WorceaCemhire, in the year 

'I'll).' In Lis flixteenth year he was put apprentioe to a 

Worcester linendraper, and remained at that trade for some 

J»«; but not liking it, he left it, and was leading a 

wmtiy life when the civil ware broke out. Unlike 

ftidley, he took the side of the Parliament, and joined their 

winy, in which he served for eoms time as a soldier. His 

^ and abilities commended him to his officers, and he 

"^ raised from one position to another, until in the course 

*f a few years we find him holding tie rank of captain. 

"While a soldier," says he, " I had sometimes the honour 

^A misfortune to lodge and dislodge an army ; " but this 

'^ all the information he gives us of his military career. 

''~*i the year 16'18 he was instrumental in discovering 

^^d firustrating a design on the part of the ItoyaliBts to 

^^ize JJoyley House in the county of Hereford, and other 

^■tongholds, for which he received the Ibanks of Parlia- 

^taent " for his ingenuity, disoretion, and valour," and a 

Substantial reivard of 5002.t He was also recommended to 

the Committee of Worcester for further employment. But 

irom that time we hearno more of him in connection with the 

«ivil ware. When Cromwell assumed the supreme control 

of afiairs, Yarranton retired froia the anny with most of tho 

■preabyterians, and devoted himself to industrial pursuits. 
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We then find him engaged in carrying on the mani 
tore of iron at AslJey, near Bewdley, in Woroeatett 
" In the year 1652," says he, " I eutered upon in 
and plied them for several yeare," • He made it 
of his diligent stndy how to provide employment for 
poor, then much distreesed by the late wbib. With 
help of his wife, he eatahliiihed a manufactnre of 
which was attended with good results. Observing 
Iho di£Qoulties of communication, by reason of the ' 
of the roads, hindered the development of the lich natni 
i-osoorcea of the western counties,^ he applied himself to 
the improvement of the navigation of the larger riverB, 
making surveys of them at bis own cost, and endettvourii 
to stimulate local enterprise eo as to enable him to i 
his plans into effect 

While thus occupied, the restoration of Charles II. 
place, and whether throagh envy or enmity Yarrantonl 
activity excited the suspicion of the authorities. Hi 
journeys from place to place seemed to them to point to 
Sumo Presbyterian plot on foot. On the 13th of November^ 
ICOO. I-ord Windsor, Lord-Lieutenant of 
v,^tlte to the Secretary of State — " There 
in prison for speaking treoeon against his Majesty, 
a countryman also, and Captain Yarrington for reding 
to obey my authority." J It would appear from sub- 
seqnent letters that Yarranton must have lain in prison 
for nearly two years, charged with oonspiring against 
king's authority, the only evidence against him ci 
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i'BuonyinoiiG letters. At the and of May, 1663, he 
1 making his escape from the custody of the 
it HaTEhal. The High Sheriff eooured the oountry 
•fter him at the head of a party of horse, and then ho 
Wmimiinioatad to the Secretary of State, Sir Edward 
Nicholas, that the suBpected oonspirator could not bo 
faund, and was eupposed to have made hia way to London. 
Before the end of a month Yarranttm waa again in custody, 
u appears &om the communication of certain justices of 
Jinrrey to Sir Edward Nicholas.* Aa no further notice of 
Wranton occurs in the State Papers, and as we shortly 
^ter find him publicly occupied in caxrying out his plana 
^cr improving the navigation of the western rivers, it is 
Probable that his innocenoy of any plot was estfiblished 
*ft«r a legal investigation. A few years later he pab- 
'*fthed in London a 4to. tract entitled ' A Full Discovery 
^f the First Presbj-terian Sham Plot,' which most probably 
^^ntcuned a vindication of his conduot.f 

Yarmnton waa no sooner at liberty than we find him 
^■gain occupied with hia plans of improved inland naviga- 
^on. Hia first scheme was to deepen the small river 
^alwarp, so as to connect Droitwich with the Severn by a 
Xvater communication, and thus faoilitato the transport of 
\h(> salt so abundantly yielded by the brine springs near 
^hat town. In 1665, the bui^esses of Droitwich ^reed to 
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give him 750^ and eight salt vata in Upwich, valued at 
801. per annum, with three-quartei's of a vat ia Northwich, 
for twenty-ono years, in payment far the work. But tiia 
tkinoa were still unHettled, and Yarranton and lua partnei 
Wall not being ricli, the seheme waa not then carried 
into effect* In the following year we find him occupied 
with a similar scheme to open up the navigation of the 
river Stour, passing by Stourport and Kidderminster, and 
connect it by an artificial cut with the river Trent. Some 
progresB was made with this undertaking, so far in advance 
of tho age, hut, like the other, it came to a stand etill for 
want of money, and more than a hundi'ed years passed 
before it was carried ovt by a kindred genius — James 
Brindloy, the great canal maker. Mr. Chambers says tJmt 
when Yarranton'a achema was first brought forward, it met 
with violent opposition and ridicule. The undertaking waa 
thought wonderfully bold, and, joined to its great extent, 
tie sandy, spongy nature of the ground, the high banks 
neoeaaary io prevent the inundation of the Stour on the 
canal, furnished its opponents, if not with sound argument, 
at least with very specious topics for opposition and 
laughter.t Yarranton's plan was to niake the river itself 
navigable, and by uniting it with other rivers, open up a 
communication with the Trent; while Brindley's was to 
out a oonal parallel with the river, and supply it with 
water from thence. Yarranton himeelf thus accounts for 
tie failure of his schema in ' England's Improvement by 
Sea and Land ' : — " It was my projection," he says, " and 
I will tell you the reason why it was not finished. Tho 
river Stour and soma other rivers were granted by an Act 
of Parliament to certain persons of honor, and some pro- 
gress was made in tho work, but within a small while after 
the Act passed} it was let fall again; but it being a brat 

• NAau'a WorceittriAire. i. 306. I J Th« Ait for nmJiiiiK tlis Stam 
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of my owt, I was not willing it ehouid be abortiTe, where- 
fore I mode o£fei's to perfect it, having a tiiird part of the 
inheritance to ma and jay heirs for ever, and we came to 
agreement, upon which I fell on, and made it completely 
navigable from Stourbridge to Kidderminater, and carried 
down many hundred tons of coal, and laid out near lOOOI., 
And there it was obstructed for want of money." • 

Another of Yarranton'a far-Bightod schemes of a similar 
fcind was one to connect the Thames with the Severn by 
as of an artificial out, at the very place where, more 
than a century after his death, it was actually carried out 
fcy modern engineers. This canal, it appears, was twice 
surveyed under his direction by hia son. He did, however, 
-encoeed in his own time in opening up the navigation of 
tiie Avon, and waa the first to carry barges upon its waters 

am Tewkesbury to Stratford. 

The improvement of agriculture, too, had a share of 
Yarranton'a attention. He saw tho noil eihauated by long 
tillage and constantly repeated crops of lye, and ho urgeil 
that the land eliould have rest or at least rotation of crop. 
TiVith this object ho introduced clover-seed, and supplied 
it largely to tho farmers of the western countieB. who 
foond their land doubled in value by tho now method 
of husbandry, and it shortly became adopted throughout 
country. Seeing h^w commerce was retarded by the 
■mail accommodation provided for shipping at the then prin- 
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oipa! ports, Tarranton next made Burvoya and planned dol 
For the city of London ; but tbough he zealously i " 
cated tho eubject, ho found few supporters, and hta pH 
proved fiTiitless. In thin respect he waa nearly a ' 
and fifty years before hia age, and the London i 
continued to conduct their ahippirg business in the crow! 
tideway of the Thames down even to the beginning of tl 
present century. 

While carrying on bis iron works, it occurred to Tar- 
ranton that it would be of great national advantage if ihe 
manufacture of tin-plate could be introduced into England, 
Although the richest tin mines then known existed in thid 
Dountry, the mechanical arts were at so low an ebb that 
we were almost entirely dependent upon foreignere for the 
supply of the articles manufactured from the metal. Tha 
Saxons were the principal consumera of English tin, aufl 
we obtained from them in return nearly the whole of our 
tin-plates. All attempts made to manufacture them in 
England had hitherto failed ; the beating ont of the iron 
by hammers into lamiute sufGciently thin and Bmooth, and 
the subsequent distribution and fixing of the film of tin 
over the surface of the iron, proving difBculties which 
the English manufacturers were unable to overcome. To 
master these difBculties the indefatigable Yarranton set 
himself to work. " Enowing," says he, " the usefulnesB of 
tin-plates and the goodness of our metals for that purpose, 
I did, about sixteen years since {i. e. about 1(505), en- 
deavour to find out the "way for making thereof; where- 
upon I acquainted a person of much riches, and one that 
was very underatandin^j in the iron manufacture, who was 
pleased to say that he had often designed to get the trade 
into England, but never could find out the way. Upon 
which it was agreed that a sum of monies should be ad- 
vanced by sevoi-al persons,* for the defmying of my chargoa 

• In ihc iiediovtion of liis book, en- I tLe namcB of the " noMa pstriota" whs 
Bent him on hii journey of inqnirT. 
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dftiBTelliiig to the plaoe where these platea are made, tmd 
tm tbeQce to biiog away the art of makiiig them. Upon 
iriiich, tm able tire-miui, thut well underetood the nature 
ofinm, was made choice of to accompany me; and being 
fitted with an ingenioufi interpreter that woll understood 
tlie laugDage, and that had dealt much in that commodity, 
W marched first for Hamburgh, then to Leipsic, and fiom 
tbenoe to Dreaden, the Dnko of Sasony's court, where we 
had notice of the plaoe where the platoa were niade ; whiofa 
ffaa in a large tract of monntaiaona land, running from a 
ttiaoe called Seger-Hutton iinto a town called Awo [Au], 
>eiiig in length about twenty miles." ■ 

It is curious to find how much the national industry o{ 
England has been influenced by the existence from time to 
lime of religious persecutions abroad, which had the effect 
of driving skilled Protestant artisans, more particularly 
&om Flanders and France, into England, where they en- 
joyed flie special protection of successive English Govem- 
menta, and foonded vaiious important branches of mana- 
facture. But it appears from the history of the tin manu- 
fectnres of Saxony, that that country also had profited in 
like manner by the religious persecutions of Germany, and 
«V6D of England itself Thus wo are told by Yarranton 
that it was a Cornish miner, a Protestant, banished out 
of England for his religion in Queen Mary's time, who 
discovered the tin mines at Awe, and that a ] 
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priest of Bohemia, who had been converted to Luthera 
and fled into Saxony for refugo, " was the chief ini ' 
in (he manufacturo until it was perfected." These t 
men wore held in great regard by the Snlce of Sason^ 
well as by the people of the conntry ; for their ingcnn 
and industry proved the eource of great prosperity i 
wealth, "several fine cities," says Yarranton, " having b( 
raised by Ihe riches proceeding from the tin-works"— 
iMB than 80,000 men depending npon the trade for t 
•abaistence ; and when Vanranton visited Awe, he fold 
Uiat a statue had been erected to the memory of t 
Combli miner who first discovered the tin, 

"Yarranton was vety civilly received by tho miners, an^l 
contrary to his expectation, he was allowed freely to i 
Gpect the tinworkfi and examine tho methods by i ' ' 
tho iron-plate§ were rolled out, as well as the process of titt-* 
ning them, He was even permitted to engage a number 
of skilled workmen, whom he brought over with him to 
England for the purpose of starting the manufacture in 
this countiy. A beginning was made, and tho tin-plates 
manufactured by Yarranton's men were pronounced of 
biittor quality even than those made in Saxony, "Many 
thousand plateB," Yarranton Gaj's, "were made from iron 
raified in the Forest of Dean, and were tinned over with 
Uomish tin ; and the plates proved far better than the 
luierman ones, by reason of the toughness and flesibleness 
of our forest iion. One Mr. Dison, a tinman in \Vorcester, 
rir. Lydiato near Fleet Bridge, and Mr. Harrison near the 
King's Bench, Lave wrought many, and know their good- 
ness. " As Yarranton's account was written and published 
during the lifetime of tho parties, there is no reason to 
doubt the accuracy of his statement. 

Arrangements were made to carry on the manufacture 
upon a laige scale ; but the secret having got wind, a patent 
was taken out, or " trumpt up " as Yarranton calls it, for the 
manufacture, " tho patentee being countenanced by some 
peiBona of quf'ity," and Yananton was precluded from 
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Operations further. It ie not improbabJe 
the patentee in qnestlon ivas William Chamberlainc, 
Bud Dudley's quondain partner ia the iron maniifaotnre.* 
"What with the patent being in our way," saja Yarranton, 
"and the richest of our partners being afraid to offend great 
men in power, who had their eye upon ua, it caused the 
thing to cool, and the making of the tin-plates was neither 
piweeded in by us, nor possibly could be by him that had 
the patent ; because neither he that hath the patent, nor 
thosa that have countenanced bim, can mako one plato 
fit for use." Yarranton's labours were thus lost to the 
English public for a time ; and wo continued to import 
»ll our tin-platea from Germany until about sixty years 
Isler, when a tin-jilate manufactory was establiShod by 
Cupel Hajibury at I'ontypool in MoumoiithBhire, where it 
lias since continued to be snoceEsfiilly carried on. 

We can only briefly refer to the aubsequont history of 
Andrew YaiTanton. Shortly after his journey into Saxony, 
lie proceeded to Holland to examine the inland naviga- 
tioM of the Dutch, to inspect their linen and other mann- 
&otnres, and to inquire into the causes of the then 
Bitraordinary prosperity of that country compared witli 
England. Industry wns in a very langniBhing state at home. 
" People confess they are sick," said Yarranton, " that trade 
is in a consumptifin, and the whole nation languishes." 
Ho therefore determined to ascertain whether something 
nae^l might not be learnt from the example of Holland, 
The Dutch were then the hardest working and the most 
tludving people in Europe. They were manufacturers and 
Camera for the world. Their fleets floated on every known 
kea; and their herring-busses swarmed along our coasts 
as far north as the Hebrides, The Dutch eupplied our 
iDarkets with fish caught within sight of our own shores, 
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wliila OUT coasting population stood idly looking on. Yar- 
ranton regarded this state of things as moHt discreditablst 
and ho urged the establisbment of various branohes of borne 
industry as the beat way of out-doing the Dutch -witbonl 
fighting them. 

Wherever be travelled abroad, in Germany or in 
Holland, ho saw industry attended by wealth and com- 
fort, and idieneea by poverty and misery. The same pnr- 
Buits, he held, would prove as beneficial to England as 
they were abundantly proved to have been to Holland. 
The healthy life of work was good for all — for individuals 
OS for the whole nation ; and if we would outdo the Dutch, 
ho held that we must out-do them in industry. But all 
must be done honestly and by fair means. " Common 
Honesty," said Yarranton, " is as necessary and needful in 
kingdoms and common'woalthB that depend upon Trade, aa 
discipline is in an army ; and where there is want of com- 
mon Honesty in a kingdom or commonwealth, from thenco 
Trade shall depart, for as the Honesty of all governments 
is, so shall be their Biches ; and as their Honour, Honesty, 
and Hiches are, so will be their Strength; and as their 
Honour, Honesty, Eiches, and Strength are, so will be 
their Trade. These are five sisters that go hand in hand, 
and must not be parted." Admirable sentimenta, which 
are as true now as they were two hundaed years ago, whan 
Yarranton urged them upon tho attention of the Engliah 
public. 

On his return from Holland, he accordingly set on fi)gt 
various schemes of public utility. He stirred up a tapW- 
ment for the enoonragement of the British fisheries. Hv 
made several journeys into Ireland for the purpose of 
planting new manufactures there. He sarveyed the BiTsr 
Slade with Iho object of rendering it navigable, and pro- 
posed a plan for improving the hiirbour of Dublin. Ho 
also surveyed the Dee in England with a view to its being 
connected with the Severn. ChamborB says that on tho 
decline of hia popularity in 1C77, lie was taken by LqzJ 
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Clarendon to Salisbury to snrve-y the Kiver A-von, and find 
«rt how that river might be made navigable, and also 
wketber a safe harbour for ehips oould bo made at Christ- 
cbnrch; and that having found where be thought safe 
■nohorage migbt be obtained, his Lordship proceeded to 
Mt upon Yarraaton's recommendations.* 

Another of his grand schemes was the establishment of 
Iha linen manufactore in the central coimtios of England, 
"kich, he showed, were well adapted for the growth of 
Sax; and ho calculated that if success attended hia 
efforts, at least two millions of money then wont out of the 
Oonntry for the purchase of foreign linen would bo retained 
at home, besides increasing the value of the laed on which 
the flax was grown, and giving remunerative employment 
> oor own people, then emig^rating for want of work. 
Nothing but Sloth or Envy," he said, "can possibly 
liinder my labours from being crownad with tho wished- 
for success ; our habitual fondness for the one hath already 
liToaglit ns to the brink of ruin, and our pronenesa to the 
other bath almost diEcouraged all pious endeavours to pro- 
mote onr fature happiness." 

In 1677 he published the first part of his England's /m- 
onniement iy Sea aud Land — a very remarkable book, full of 
lagacioiu ineight as respected the fature commercial and 
maoufacturing greatness of England. Mr. Dove says of 
jiis book that Yarranton " chalks out in it the future course 
}f Britain with as free a hand as if second'sight had revealed 
Id him those expansions of her industrial cai'cer which 
never fail to surprise us, even when we behold them 
realized." Besides his extensive plana for making harbours 
aud improving internal navigation with the object of 
creating new channels for domestio industry, his schemes 
for extending the iron and the woollen trades, establishing 
the linen manufacture, and cultivating the home fisheries, 
we find him throwing out various valuable BUggestionB 
with reference to tho means of facilitating commercial 
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tranBactione, some of whicli have only been carried o 
our own da;. One of hu grandest ideas waa the establifl 
mont of a public bank, the credit of which, based upon ti 
security of freehold land,* should enable its paper " 
in trade equal with ready money." A bant of this b 
formed one of the principal means by which the Dutch, b 
been enabled to extend their commercial transactions, e 
Yarranton accordingly urged its introduction into £ngl& 
Part of his scheme consisted of a Toluntary register 
real property, for the purpose of effecting simplicity 
title, and obtaining relief from the excessive charges f 
law.t as well as enabling money to be readily raised for 
commercial purposea on security of the land registered. 

lie pointed out very graphically the strMts to which a 
man is put who is possessed of real property enough, but 
in a time of pressure is unable to turn himself round for 
■want of ready cash. " Then," says he, " all his creditors 
crowd to him as pigs do through a hole to a bean and pease 
rick." " Is it not a sad thing," ho asks, "that a goldsmith's 
boy in Lombard Street, who gives notes for the monies 
handed him by the merchants, should take up more monies 
upon his notes in one day than two lords, four knights, 
and eight esquires in twelve months upon all their per- 
sonal securities ? We are, as it were, cutting off our l^s 
and arms to see who will feed the trunk. But we ci 
expect t^JB from any of our neighbours abroad, ■ 
interest depends upon our loss," 

He therefore proposed his registry of property as a 
means of raising a credit for purposes of trade. 
he says, " I can both in England and V 
wedding, my burial, and my christening, and a poor p 
clerk is entrusted with the keeping of the book ; 
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which is regietered there is held good by our law. But 1 

cumot register my lands, to he honest, to pay every man 

kis own, to prevent those aad things that attend famiHeH for 

»ant thereof, au<l to have the great benefit and advantage 

that would come thereby. A register will quicken trade. 

Bad the land registered will be equal bb cash in a nuui s 

Wds, and the credit thereof will go and do in trade what 

lendy money now doth." His idea was to raiea money, when 

leoeseary, on the land registered, by giving security thereon 

after a form which he auggeated. He would, in fact, have 

ttvade land, as gold now is, the b^ia of an extended our- 

fftncy ; and ho rightly held that the value of land as a 

icuri^ muHt always be UEexcejitionahle, and superior tc 

ly metallic basis that coold possibly be devised. 

This indefatigable man continued to urge his various 

Leeigns upon the attention of the jiublic until he was far 

Ldvanced in years. He professed that he was moved to do 

10 (and wo believe him) solely by an ardent love for faia 

Sountry, " whose ftiture flouriehing," said he, " is the 

Cnly reward I ever hope to see of all my labours." Yar- 

ranton, however, received but little thanks for bis per- 

■iatenoy, while he encountered many rebufi's. The public 

for the most part turned a deaf ear to his entreaties ; and 

liis writings proved of comparatively small avail, at least 

during his own lifetime. He experienced the lot of many 

patriots, even the purest — the suspicion and detraction of 

his contemporaries. His old political enemies do not seem 

to have forgotten him, of which we have the evidence in 

Certain rare " broadsides" still extant, twitting him with 

the failure of his schemes, and even trtunping up falae 

charges of disloyalty against him.* 

„[ie of Uirae is entitled ' A 
CoSw-houK Dial^e, or 8 Disnrarae 
ktwKO CapMIii T- and a Young 



lapMIa T 

DflheWiddlel^j..., _, 

__ BtBedioat npon tLe Bill agitli 
Oe D, of T.' In ilib brcndslde. 
. folio, published about 16'i 



yarmntGn is nude (a £ivDur tbr Elle 
of York's occlusion from the Ikrow, 
not ddIj b«auae h» was n pa[Hst, but 
for grarcr ratoia thim he daie u- 
prtss. Another eeuTTiloni pamphlet, 
entitleil ' A Word Without Door^' 
was alK Aimeil «t him. Yarrantoo, 
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In 1681. be publiBhed the Eocoud part of '^nglan^R^ 
Improvement,' • in which he give a summary account of 
ite then limited growths and munufacturos, pointing out 
tiiat England and Ireland were the only northern kingdoms 
remaining unimproved ; iie re-urged the benefits and neces- 
sity of a voluntary register of real property ; pointed out 
a method of improving the Koyal Navy, lessening the 
growing power of Prance, and establiabing home fisheries ; 
proposed the securing and fortifying of Tangier ; described 
a, plan for preventing fires in London, and reducing the 
charge for maintaining tbe Trained Bands ; urged the 
formation of a harbour at Newhaven in Sussex ; and, 
finally, discoursed at considerable' length upon the tin, 
iron, linen, and vroollon trades, setting forth varions 
methods for their improvement. In this last section, after 
referring to the depreSiBion in the domestic tin trad& 
(Comiab tin selling so low as 70e. the cwt.), he Buggested 

a way of reviving it. With the Cornish tin he would 

Qombino " the lioman cinders and iron-stone in tbe I 



or Us frloidii, rcpli^ to the hnt nttai'Ji 
in a folia or tno pugs, eutldcd ' Ths 
Coffes-house Dialogue Eiamiued and 
Kgfutoi, hy some NdghWtiis in the 
Cotiulr7, well-wiBhen a> the Kingiiom's 
interest.' The controversr was fol- 
lowed op by ' A Continuation of the 
CoSee-houBe DirJogue/ in wtiEch tJiO' 
chief interlaoutor bits Yaimnton lather 
hnrd for the miscnrriHge of hb " im- 
provemmt«." " 1 know," says he, 
" when find when you undortook for 
It snudi chai^ to make a river 
naTignble, and it hia cost the pro- 
ftietan about az times an much, nnd 
is not yet efiective ; Dor out any man 
latioo^y predict when it will in. I 
know since jon left it your son nnder- 
look it, and thi« wintet shanafully 
left hi] nnJertaking." Yonaaton's 
fHoids inimedialelj replied in a four- 
■" ■■ . entitled ' England' ' 
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answer, Sprcta Vllfiaait, faluJiDack 
mu>t perish, and are sooueat deBtrojed 
by contempt ; so that he needs no 
further TindleaOon." The writer Uia 
prooeeds at some length to vindical* 
the Captain's faniouE ytoik and the 
ptoposiUoilB containodin it. 

■ Tbia work [espoeially witt Uh 
plates) U eictsyvely ram. Then nl 
cop; of it In perlect condition Id tbi 
Gregville Library, British Mobmuu. 
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of Dean, which makes the best iron for most uses in the 
World, and works up to the beet advantage, witli delight 
Bod pleaBiire to the workmen." He then deecribed the 
iiiBtory of hia own efibrts to import the mannfacture of tin- 
plates into England some sixtoen years before, in which he 
had been thwarted by Chamberlaine's patent, as above 
described, — and offered sundry queries aa to the Qtility of 
patents generally, which, says ho, "havB the tendency to 
drive trade out of the kingdom." Appended to the chaptor 
on Tin is an exceedingly amueing dialugue between a tin- 
miner of Cornwall, an iron-miner of Dean Forest, and a 
traveller (himself). From this we gather that Varranton'a 
business continned to be that of an iron-manufa^tnrer at 
hia works at Ashley near Bewdley. Thus the iron-miner 
says, " About 23 years since Mr. Yarranton found out a 
vast quantity of Roman cinders, near the walls of the city 
of Worcester, from whence he and others carried away 
many thousand tons or loads up the river Severn, unto 
their iron-fumaces, to be melted down into iron, with a 
mixture of the Forest of Dean iron-atone ; and within 
100 yards of the walla of the city of Worcester there was 
dog np one of the hearths of the Boman foot-blasts, it 
being then firm und in order, and was 7 foot deep in the 
earth ; and by the side of the work there was found a pot 
of Boroan coin to the quantity of a pock, some of which 
was presented to Sii- [\^'m-l Dngdale, and part thereof ia 
now in the King's Oloset." • 

In the same year (108!) in which the second part of 
■ England's Improvement ' appeared, Yarranton proceeded 
to Dunkirk for tho purpose of making a personal survey of 
that port, then belonging to England ; and on his return he 
published a map of the town, harbour, and castle on the 
aoa, with accompanying lettoipress, in which he reoom- 

• Dr. Nflih, in his IRilon/ of I the dtj, has made a most able defeact 
Wsrctnersnira, hai thrown some of TniTonton's statemmt (yol. i. 9, is 
loitbtB Qpon this storj; but Mr. I f^-otriiolfi). 
Ottoi, in hia nistorioal AMiqiiilies of ! 
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meuded, for the eafety of British trade, the ileraolitioii o^ 
tho fortifioatioDs of Dnnkitk before they wero completed., 
which ho hold would only be for the purpose of their bein^ 
garrisoned by the French king. Hia 'Full DiscoTery 
of the Firet Proebyterian Sham Plot ' was published in th» 
same year ; and traia that time nothing further is known. 
of Andrew Varrauton. Hia name and his writings hava 
been alike neaily forgotten ; and, though Bishop Watson 
declared of him that he deserved to have a statue erected 
to hiB memory as a great public benefactor, we do not 
know that he was so much as honoured with, a tombstone; 
for we have been unable, after careful inquiry, to disoover 
when and where he died, 

Yarranton was a man whose views were far in advance 
of his ago. The generation for whom he laboured and 
wrote were not ripe fi)r their reception and realizatiou ; and 
his voice sounded among tho people like that of one crying 
in the wilderness. But though his exhortations to industry 
and his largo plans of national improvement failed to work 
themselvoB into realities in his own time, he broke the 
ground, he sowed tho seed, and it may be that even at this 
day we are in some degree reaping the results of his 
labours. At all events, his books still live to show how 
wise and sagacious Andre'w Yarranton was beyond hia con- 
temporaries as to tho true methods of establishing upon 
•olid foundations the industrial prosperity of England. 
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CHAPTER V. 

COALBBDOKDALE IboN WoKKS — ThK DabUTS AND 

Sbtholdbis. 



" The triumpli of the Industi-ial arts will idvance the taiae of cmliza- 
ttas more tii|iidly liun its wirmeit advocntes could have hoped, and coo- 
tribute to tbe p^niuiiieiit pi-oBperity aiid Btreagth of the couotiy for more 
tlum the most splendid victories of euccoaful war." — C. Babbaoe, The 
Expaaitiaa cf 1851. 

■Bod Dudley's invention of smelting iron with coke mad« 
of pit-coal was, lite many others, bom before its time. It 
v&a neither appreciated by the iron-masters nor by tho 
workmen. All eoiemea for smelting ore with any other fuel 
than charcoal made from wood were regarded witli incre- 
dolity. Ab for Dudley's Sfetdlum Mortis, as it contained 
specification, it revealed no secret; and when its author 
died, his secret, whatever it might be, died with him. 
Other improvements were doubtless necesKary before tho 
invention could be turned to useful account. Thus, until a 
more powerful blowing-furnace had been contrived, the pro- 
duction of pit-coal iron must necessarily have been limited. 
Dndley himself does not seem to have been able to mate 
more on an average than five tons a-vrcck, and seven tons 
At the outside. Nor was the iron so good as that made by 
charcoal ; for it is admitted to have been especially liable 
to deterioration by the sulphureous fumes of the coal in the 
proceas of manulacture. 

Dr. Plot, in his 'History of Staffordshire,' speaks of an 
experiment made by one Dr. Blewstone, a High German, 
Ma " tbe last efibrt " made in that county to smelt iron-ore 
inth pil><!oal. He is said to have " bnilt his fvinuce at 



n 
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WddueBbury, so ingeniously contrived (that only t 
of tlie ooal shonld come to lixe ore, with several other o 
Toniences), that many were of opinion he woiild b 
in it. But experience, that great baffler of speciUadil 
showed it would not be ; the sulphureous vitriolic stei 
that I'tBue from the pyrites, which fi-equently, if not alw 
accompanies pit-coal, ascending with the flaoie, and ] 
Boning the ore sufficiently to mako it render much w 
iron than thut made with charcoal, though not perhaps a 
much worse as the body t>f the coal itself would possibly 
do."* Dr. riot does not give tlie year in which this "last 
effort" was made ; but as we find that one Dr. Trederic de 
Blewston obtained a patent from Charles II, on the 25t!i 
October, 1677, for "a new and effectual way of melting 
down, forging, 6xtrai;ting, and reducing of iron and a ll 
metala and minerals with pit-ooal and sea-coal, ( 
and effectually as ever hath yet been done by aht 
and with much less charge;" and as Dr. Plot's History,^ 
which he makes mention of the experiment and its failur^ 
was published in 1686, it is obvious that the trial must 
have been made between those years. 

As the demand for iron steadily increased with I 
increasing population of the country, and as the auppjj 
timber for smelting purposes waa diminishing from ya 
to year, England was oompellod, to rely more and i 
upon foreign countries for its supply of manufactured u 
The number of English forges rapidly dwindled, and i 
amount of the home production became insignificant 4 
comparison with what was imported from abroad, 
ranton, writing in 1676, speaks of " the many iron-worka 
laid down in K.ent, Sussex, Surrey, and in the north of 
England, because the iron of Sweadland, Flanders, and 
Spnin, coming in so cheap, it cannot be made to profit 
here," There were many persons, indeed, %vho held that 
it was better we should be supplied with iron from Spain. 

• Dr. I'M)!, Salmii Hiaiery of St^jfordAin, 2iid ed. iaa6. p. 128, J 
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Sun make it at home, ia consequenct; of the great wasta 

of wood involved by the manufacture; but against this 

riew Yarranton strongly contended, and held, what is aa 

ttoe now as it was then, that the maunfacture of iron was 

lie keystono of Englaiid'a industrial prosperily. He also 

tppiehended great danger to the country from want of iron 

11 event of tho contingency of a foreign war. " When the 

greatest part of the iron-works are asleep," said he, "if 

there should bo occasion for greut quantities of guns and 

oiill«tfi, and other sorts of iron commodities, for a present 

loted war, and the Sound happen to be locked up, 

I *.iid BO prevent iron coming to us, truly we should then be 

I ^ai a fine ca.9e ! " 

Notwithstanding these apprehended national perils arising 
a the want of iron, no steps seem to have been taken 
to supply the deficiency, either by planting woods on a 
l^arge scale, as recommended by Yarranton, or hy other 
1 Xaethods ; and the produce of English iron continued steadily 
' ■fodeoline. In 1720-30 there woro found only ten fumaoea 
^remaining in blast in the whole Forest of Dean, where the 
iron-smelters were satisfied with working up merely the 
cinders left by the Romans. A writer of the time states 
that we then bought betweentWo and three hundred thou- 
sand pounds' worth of foreign iron yearly, and that Eng- 
land w€is the best customer in Europe for Swedish and 
Sossisn iron,* By the rtdddle of the eighteenth centiuy 
the home manufacture had so much fallen ofT, that the total 
production of Great Britain is supposed to have amounted 
to not more than 13,000 Ions a year ; four-fifths of tho iron 
Ofled in the country being imported fiom Sweden. I 



" " JosHOA Gee, T/ia Trada and 
Stibation of Great Britaia con- 

t wiien ft l^iU WM introJuMil into 
hcUamsit in 1750 vith the objiu:C of 
veomging the imporbitUHi of iron 

Wl tantldra jKtitloHBl agaiiiit it, bn 



the ground that, if it pas£ed. EagliBh iron 
uouldbunnderaolit ; monj forgo would 
mosequi'ntlybediiicontiuued j innhicfa 
case tin: titnlar used for fuel would re- 
main Tiuciil, and the tanners would 
■Wiereby bn uepnfal of hnrk for th< 
purposti:^ of their trade 1 



The moro that the remaining ironmasters becama 
BtraitenHd for want of wood, the more they were compelled 
to resort to oindois and coke made from coal as a substi- 
tute. And it was found that under certain ctrcumstaooes 
this fuel answered tlie purpose almost as well as charcoal of 
wood. The coke was made by burning the coal in heaps in 
the open air, and it was usually mixed with coal and peat 
in the process of Hmolting the ore. Coal by itself was used 
by the countiy Bmiths for /"oiling whenever they could pro- 
oure it for their smithy fires ; and in the midland counties 
they had it brouglit to them, sometimes from great distances, 
alung in bags across horses' backs,— for the state of the roada 
was then so eiecrablo as not to admit of its being led for 
any considerable difitimce in carts. At length we arriTe at 
a period when coal Keems to have come into general use, 
and when necessity led to its regular employment both in 
smelting the ore and in manufacturing the metal. And 
this brings us to the establishment of the Coalbrookdale 
works, where the smelting of iron by means of coke and 
coal was first adopted on a large scale as the regular 
method of manufacture. 

Abraham Darby, the first of a Bucoesaion of iron manu- 
facturers who bore the same name, was the son of a fanner 
residing at Wrensne.st, near Dudley. He served an appren- 
ticeship to a maker of malt-kilns near Birmingham, after 
which he married and removed to Bristol in 1700, to begin 
buBiness on his own account Industry is of all politioa 
and religions ; tliiis Dudley was a Ro3-alist and a Church- 
man, Tarranton was a ParUamentarian and a Presbyterian, 
and Abraham Darby was a Quaker. At Bristol he waa 
joined by three partners of the same persuasion, who pro- 
vided the necessary capital to enable him to set up works 
at Baptist Hills, near that city, where bo carried on the 
business of malt-mill making, to which he afterwards added 
brass and iron founding. 

At that period cast-iron pots were in very general use, 
forming the principal cooking nteusik of the working olaw. 



The art of castii^ had, however, made each small progress 
in England that the pota were for the most part imported 
from abroad. Darby resolved, if posaible, to enter upon 
fliis lucrative branch of manufacture ; and he proceeded to 
make a number of experiments in pot-making. Like othei's 
'who had preceded him , he made bis first moulds of clay ; but 
&ey cracked and burst, and one trial &ilcd after another. 
He then determined to find oiit the true method of tnanu- 
feoturing the pots, by travelling into the conatiy from 
whence the best were imported, in order to master the 
grand secret of the trade. With this object ho went over 
to Holland in the year 1706, and after diligent inquiry he 
ifcscertained that the only sure method of casting " Hilton 
ware," as such castings were then called, was in moulds of 
fine dry sand. This was the wliole secret 

Hetuming to Bristol, accompanied by some ekilled Dutch 
irorkmen, Darby began the new manufacture, and euccoeded 
to hiB aatisfaetioii. The work was at first carried on with 
great secrecy, lest other makers should copy the art; and 
the precaution was taken of stopping the keyhole of the 
workshop-door while the casting was in progress. To 
Booore himself against piracy, ho proceeded to lake ont a 
'joAent for the jirocess in the year 1708, and it was granted 
for the term of fourteen years. The recital of the patent 
is ourions, as showing the backward stale of English 
iron-foimding at that time. It sets forth that " whereas 
tmr tmsly and well-beloved Abraham Darby, of our city of 
Bristol, smith, hath by hie petition humbly repreaenfed to 
us, that by his study, industry, and expense, he hath found 
,Oot and brought to perfection a new way of casting iron 
'Allied pots and other iron bellied wai'e in sand only, with- 
0at loam or clay, by which such iron pots and other ware 
may be cast fine and with mora ease and exiiodition, and 
:Biay be afforded cheaper than they can bo by the way com- 
moiiiy used ; and in regard to tiieir cheapness may be of 
gruat advantage to the poor of this our kingdom, who for 
the most part use such ware, and in idl probability will 
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prevent ilia merchants of England going to foreign markota 
for Buch ware, from whence great quantities are imported, 
and likewise may in time supply other markets with that 

manufacture of our dominions," &C grants the said 

Abraham Darby the fall power and solo privilege to make 
and Bell such pots and ware for and during the tenn of 
fourteen years thence ensuing." 

Darby proceeded to make arrangements for carrying on 
the manufacture upon a large scale at the Baptist Mills ; but 
the other partners hesitated to embark more capital in the 
concern, and at length refused their concurrence. Deter- 
mined not to be baulked in hia enterprise, Darby aban- 
doned the Bristol firm ; and in the year 1709 he remoTcd 
to Coalbrookdale in Shropshire, with the intention of pro- 
Bocuting the enterprise on his own account. He took tho 
lease of a little furnace which had existed at the place for 
more than a century, as the records exist of a " smetho " or 
" smeth-hoose " at Coalbrookdale in the time of the Tudora. 
The woods of oak and hazel which at that time fillod the 
beautiful dingles of the dale, and spread in almost a con- 
tinuous forest to tho base of the Wrekin, furnished abun- 
dant fuel for the smithery. As tho trade of the Coalbrook- 
dale firm estended, these woods became cleared, until the 
same scarcity of fuel began to be experienced that had 
already desolated the forests of Busbox, and brought tho 
manufacture of iron in that quarter to a stand-still. 

It appears from the ' B-lafit Furnace Memorandum Book' 
of Abraham Darby, which we have examined, that Iho 
make cf iron at the Coalbrookdale foundry, in 1713, varied 
from five to ten tons a week. The principal articles oaM 
were pots, ketllea, and other " hollow ware," direct firon 
the smelting-fumace ; tho rest of the metal was run into pigs. 
In course of time we find that other castings were turned 
out : a few grates, smoothing-irons, door-frames, weights, 
Daking-plates, cart-bushee, iron pestles and mortars, and oc- 
tasionally a tailor's goose. The trade gradually increased, 
ttntil wo find as many as 150 uotsaud kettles cast in a weoi. 
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The fuj! used in the furnaces appears, from the Darby 

llBmorandum-Bocifc, to Lave been at first entirely char^ 

ctol; but the groiving scarcity of wood eeema to have 

gtaduaUy led to the use of coke, brays or small ooke, aud 

peat. An abundance of coals existed in the neighbour- 

Jwod; by rejecting those of inferior quality, and coking 

'he others with great care, a combustible wao obtained 

better fitted even than charooal itself for the fuaion of that 

i>articular kind of ore which is found in the coal -measiires. 

Thus we find Darby's most favourite chaise for his fumaoes 

*<) have been five basketa of coke, two of brays, and one of 

"peat ; next followed the ore, and then the limestone. The 

Ue of charcoal was gradnaily given np as the art of siiielt' 

ng with coke and brays improved, most probably aided by 

"*Jie increaeed power of the furnace-blast, until at length wo 

Cnd it entirely diaeontiimed. 

The castings of Coalbrookdale gradually acquired a re- 
-putation, and the trade of Abraham Darby continued to 
increase nntil the date of hia death, which occurred at 
Madeloy Court in 1717. Hia sons were too young at the 
time to carry on the business which he had so sucoesBfuUy 
Btarted, and several portions of the works were sold at a 
serious eacrifice. But when the sons had gi-own up to man- 
hood, they too entered upon the business of iron-founding ; 
and Abraham Darby's son and grandson, both of the same 
name, largely extended the operations of the firm, until 
Coalbrookda]", or, as it vras popularly called, " Bedlam," 
became the principal seat of vne of the most important 
brani^eB of the iron trade. 

There seems to be some doubt as to the precise time when 
pit-<!oa] waa first regularly employed at Coalbrookdale in 
smelting the ore. Mr. Scriveuor says, " pit-coal was firet 
used by Mr. Abraham Darby, in his furnace at Coalbroob 
dale, in 1713 ;''" but we can find no confirmation of this 
lent in tho records of the Company. It is probable 
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that Mr. Darby ueed raw coal, as was douo m the V 
Dean at the same time,* in tte process of calcining the 9 
but it would appear from bis own Memoranda that 6 
only was used in the process of smelting. We infer i 
other oiroumstanoes that pit-coal was not employed fi 
latter purpose until a considerably later period. The n 
of ite introduction, and its successful use in iron-mneltii 
IB duo to Mr. Hiobard Ford, who had married a daughte 
Abrabam Darby, and manned the Coalbrookdale works ii 
1747. In a paper by the Kev. Mr. Mason, Woodwardian 
Profesaor at Cambridge, giyen in the ' Philosophical Trans- 
aotioDB ' for that year, tbe first account of its sucoess&il 
employment is slated as follows : — " Several attempts have 
been made to run iron-ore with pit-coal : he (Mr. Mason) 
thinks it has not succeeded anywhere, as we have bad no 
account of its being practised ; but Mr. Ford, of Coalbrook- 
dale in Shropshire, from irou-ore and coal, both got in the 
same dalo, makea iron brittle or tougb as bo pleases, there 
being cannon thus cast so soft as to bear turning lite 
wrought-iron." Most probably, however, it was not until 
the time of liicbard Boyuolds, who succeeded Abraham 
Darby the second in tbe mauagement of tbe works in 1757, 
that pit-coal came into large and regular use in tbe blasting- 
furnaces as well as Ibe fineries of Coalbiookdale.f 

Bicbaril Heynolds was bui-u at Bristol in \7'6o. His pa- 



. Tol. ii. p. -lis, V 
" ifltr tliey have pounded their ore, 
tbdr Giat work a in coldae it, which 
is done in kilns, much aSier the Tiishiun 
vf ordiJlArj lime-kUns. These th^ j till 
up to the top with coal and ore, atmtntn 
mper sltatum, nnfil it be full ; and «n 
MttiDg fire to the bottom. Ihpy let it 
bom till tbfl coal be wasted, mid IhcEi 
naHWlbeHlnawithfiTshoreand cnni, 

dooe without fusion of th> 



fii-ts of the ore and to make it frinhle." 
he writer then describes the procea 
of BTOEltiiig the ore miied with ciiKl«r 
in the fumacea, where, he snys, the fiiel 
is "alwBjB of charcoal." " SeVBiml 
attempts," he adds. " have been mad* 
to introduce the use of sca-oul in them 
works instead of chnrnvd, the fonner 
being to be had at an eoaer mte than 
the latter; but hitherto the^ hara 
proreil ineSectual, the woikn]eu bind- 
ing bj eiperience that a sca-ooal fire, 
how vehement socTer, will net paietnta 
the tnoat fiied parte of the ore, and « 
l&ivBi much of the melal unmilUili'* 
t See Appendii II. 



rents, like the Darbjs, belonged to the Society' of Friends, 
ud lie was educated in that persnaaion. Being a spirited, 
lively youth, the " old Adam " occaaionally cropped out in 
Jum; and he is even said, when a young man, to have been 
80 much fired by the heroisni of the eoldier's character that 
hs felt a fitrong desire to embrace a military career ; hat this 
feeling soon died out, and he dropped into the sober and 
steady rut of the Society. After serving an apprenticeship 
in hiB native town, he was sent to Coalbrookdalo on a mia- 
aion of business, where he became acquainted with the 
Darby family, and shortly after married Hannah, the 
daughter of Abraham the second. He then entered upon 
the conduct of the irou and coal works at Ketley and 
Horeehay, where he resided for six years, removing to 
Coalbrookdale in 17(i3, to take charge of the works there, 
OIL the death of his father-in-la'vr. 

By the eiertions and enterprise of the DarbvB, the 
Coalbrookdalo Works had become greatly enlarged, giving 
remnnerative employment to a large and increasing popu- 
lation. The firm had eitended their operations &,t beyond 
the bonndaiHea of the Dale : they had established fonudries 
at London, Bristol, and Liverpool, and agencies at Kew- 
eastle and Truro for tiie disposal of steam-engines and other 
iron machinery used in the deep mines of those dietriots. 
Watt had not yet perfected his eteam-engiue ; but there waa 
a considerable demand for pumping-onginca of Kcwcomen'e 
oonstraction, many of which were made at the Coalbrook- 
dale Works, The increasing demand for iron gavo an im- 
petus to coal-mining, which in its turn etimulatcd inventors 
in their improvement of the power of the steam-engine ; for 
the <»)al could not be worked quickly and advantageously 
nnless the pits could he kept clear of water. Thus one in- 
vention stimnlatea another ; and when the steam-engine 
bad been perfected by Watt, and enabled powerful-blowing 
Apparatus to be worked by its agency, we shall find that the 
|ttodnotion of iron by means of pit-coat being rendered cheap 
and expediticaa, soon became enormously increased. 
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We aie iafonaod tliat it was whilo Bichard Jioynoldt' 
liad charge of the Coalbrookdale works that a further im- 
portaut improTement was effected in the manuiactBre of 
iron by pit-coal. Tip to this time the couyerfiion of crude 
or cast iron into malleable or bar iron had been effected 
entirely by means of charcoal. The prooesB was carried 
on in a fire called a finery, somewhat like that of a smith's 
foi^e; the iron being exposed to the blast of powarfiil 
bellows, and in oonstant contact with the fuel. la the 
first process of fusing the ironstone, coal had huoii 
for some time with increasing success ; but the qaesti< 
arose, whether coal might not also be iiaod with effect i*' 
the second or refining stage. Two of the foremen, named 
Crauege, suggested to Mr. Seynolds that this might be 
performed in what is called a reyerberatory furnace,* in 
whioh the iron should not mis with the coal, but be heated 
solely by (he flame. Mr. Reynolds greatly doubted the 
feasibility of the operation, but be authorized the Craneges 
to make an experiment of their process, the result of which 
will be found described in the following estraot of a letter 
from Mr. Eeynolda to Mr. Thomas Goldney of Bristol, 
dated " Ooalbrookdale, 25th April, 176G " : — 



• Bererberatoiy, to called be 
the flamB or current of heated | 
fi-om the fuel is couBed to be i-eyi 
rated or reflected down upon (he 
etaoce under operatioa before paaalog 

fiovenson, in his Treatbe of MctaOic 
of 1G13, describes n revorbcratory fu; 
nace in ffhich iron vat to be amelti 
by jat-anl, though it does not appei 
that he eutceeded la perfecting ius li 
Tention, Dr. PerC]-, in his ncelleat 
irork on Kiiailurg^, thu) describes a 
res-erbaatory Iutebix; — "It consista 
Msentially of three parta — a fireplace 
At coo aid, ti Atdck or chimoef at the 
other, imd a bed between bath on 



low partition wall catleii the 
bridge, and both are cortrad bj _ 
arched roof which rises (ram tha M 
wallofUieliieplaceiindg 
toward the furthest end 
cannecbed with the stad. 
both tides of the bed, oi 
near the staok, maf be opeaings Ih 
which the ore thread enx tt 
of the bed may be stirred a 
eiposed to the action of tiia > 
matter i> hested in inch a fi 
flame, and is kept rrom cuu' 
the solid fiid. The flune hi 
from the Hreplace to the sta 
fiected downwatdl oi 
the mattor bensatii, whence tt 
rmerhtratary rumao;," 
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. , . . "I come now to what I think a matter of 
wry great oonseqnenoe. It ia Bome time einco Thos. 
Cfsnege, who works at Bridgenorth Forge, and his brother 
Q«orge, of the Dale, epoko to luo about a notion they had 
(anoeived of making bar iron without wood charcoal. I 
bid them, consistent with the notion I had adopted in 
Conwion with all others I had conToreed with, that 1 
thoaght it impoesihle, because the vegetable salts in the 
ohorawil being an alkali acted as an absorbent to the sul- 
r of the iron, which occasions the red-short quality of 
tho iron, and pit coal abounding with sulphur would iu- 
ae it. This specioua answer, which would probably 
Itava appeared conclnsiTO to most, and which indeed was 
'hrbat I really thought, was not so to them. They replied 
'that from the observations they had made, and repeated 
^Jonversationa together, they were both firmly of opinion 
that tho alteration from the quality of pig iron into that of 
"bar iron was effected merely by heat, and if I would give 
"them leave, they would make a trial some day, I consented, 
"but, I confess, without any great eispectation of their sue- 
; and so the matter rested some weeks, when it hap- 
pening that some repairs had to be done at Bridgenorth, 
Thomas came up to the Dale, and, with his brother, mado 
a trial in Thos. Tilly's air-furnace with such success as 1 
thought would justify the ereotion of a small air-furnace 
at the Forge for the more perfectly asceitaining the merit 
of the invention. This was aecojdingly done, and a ti-ial 
of it has been made this week, and the Kuccess has snr- 
passed the m«it sanguine expeolations. The iron put into 
the ftimaco was old Bushes, which thou knowest are always 
made of hard iron, and the iron drawn out is the toughest 
I ever saw. A bar IJ inch square, when broke, appears to 
have very little cold short in it. I look upon it as one of 
the most important discoveries ever made, and take the 
liberty of recommending thee and earnestly requesting 
thou wonldst take out a patent for it immediately. , . , 
The specification of the invention will bo comprised in a 
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few woixle, as it will only set forth that a revevberatory fur- 
nace being built of a proper constmotion, the pig or cast 
iron ia piit into it, and without the addition of tmyihisg 
else than conunon raw pit coal, ia converted into good 
malleable iron, and, being taken red-hot from the reverhe- 
ratory furnace to the forge hammer, ia drawn out into bars 
of varioua shapes and sizes, according to the will of the 
workmen." 

Mr. Reynolds's advice was implioitly followed. A patent 
was secured in the name of the brothers Cranege, dated 
the l7th June, 1766 ; and the identical words in the above 
letter were adopted in the Epecification as descriptivt 
the process. By thia method of puddling, e 
the manufacturer waa thenceforward enabled to prodo^ 
iron in increaaed quantity at a latge reduction i 
and though the invention of the Craneges was greatly hi 
proved upon by Onions, and subsequently by Cort, t' 
can be no doubt as to the originality and the importance d 
their invention. Mr. Tylor states that he waa informed if 
the son of Bichard Reyuo] ds that the wro light iron made t| 
Coalbrookdale by the Cranege process "waa very good, q 
lough, and broke with a long, bright, fibrous fracture : 
wade by Cort afterwards waa quite different."" ThoTifl 
Mr, Eeynoids'a generosity to the Craneges is apparent 1 
the course which he adopted in securing for them a 
for the invention in their own names, it docs not 
to have proved of much advantage to them ; and 1 
feilod to rise above the rank which they occupied v 
their valuable discovery waa patented. This, bowev* 
was no fault of Richard Reynolds, but waa mainly attribq] 
able to the circumstance of other inventions i 



• Mr. TVLOB on Mttat Work—lii- 

Con the Paris Exhibaiancf'S 55. 
U, 18a, We are infonnKi bj 
Mr, BeynolJa ofCoed-du, ■ grancbon 
of Riehanl KeynolJu. th»l " on fuither 
trlala txmaj diOicultia anse. Ttw 



bottomi of the fiirnaca were 

hj tLc brat, and the quality of tJu} ki 

THned. Still, bj a letter daldl IT 

1767, it appears there h 

of iron made i> the oev 

T»]ueof247{. H».6<(," 
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meaevre eaperi^ediiig tlieir process, and depriving tbem ol 
the benefits of their ingenoity. 

Among the important improremeDts introduced by Mr. 
Bejnolda while managing the Coalbrookdale Works, was 
the ftdopticm by hirn for the first time of iron instead 
of wooden nils in the tram-roads along which coal 
sad iron were conveyed from one part of the works to 
snother, aa well aa to the loading-places along the river 
Seiem. He observed that the wooden, rails soon became 
Seayed, besides being liable to bo broken by the heavy 
loads passing over tbem, occasioning much loss of time, 
uterniptiim to business, and heavy expenses in repairs. 
itoccnrred to him that these inconveniences wonld be ob- 
'nated by the nse of rails of cast-iron ; and, having tried an 
oiperiment with them, it answered so well, that in 1767 
lia whole of the wooden rails were taken np and replaced 
bf nils of iron. Thus was the era of iron railroads fairly 
initiated at Coal brookdale, and the example of Mr. Eeynolds 
Was shortly after followed on all the tramroads throughout 
the oonntrj'. 

It is also weithy of note that the first iron bridge ever 
erected was cast and made at the Coalbrookdale Works— its 
projection as well as its erection being mainly due to the 
skill and enterprise of Abraham Darby the third. "When 
but a yonng man, he showed indications of that sagacity 
and energy in business which seemed to be hereditary in 
his family. One of the first things he did on arriving at 
man's estate was to set on foot a scheme for throwing a 
bridge acittss the Severn at Coalbrookdale, at a point 
where the banks were steep and slippery, to accommodate 
the large population which had sprung np along botli 
banks of the river. There were now thriving iron, brick, 
and pottery works established in the parishes of Madeley 
and Broseley ; and the old ferry on the Severn was found 
altogether inadequate for ready communication between one 
bank and the other. The want ot a bridge had long been 
felt, and a plan of one had been prepared during the life- 
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time of Abrali&m Darby tba aecoud ; bnt the project 'n 
pended at bis deatb. When his son came of age, he reBolvea 
to take up his father's dropped acbeme, and proseoate it hi 
completion, which he did. Young Mr, Darby became lord of 
the manor of Madeley iu 177G, and was the owner of one-ball 
of the ferry in right of his lordship. He was so fortunate 
as to find the owner of the other or Brosoley half of the 
ferry equally anxious with himself to connect the two 
banks of the river by meaua of a bridge. The necess 
powera were accordingly obtained from Parliament, K 
bridge was authoriaed to be built " of cast-iron, , 
brick, or timber." A company was formed for the ptu 
of carrying out the project, and the shares were t 
by the adjoining owners, Abraham Darby being the j 
oipal subscriber.* 

The constraotion of a bridge of iron was an entirely new 
idea. An attempt had indeed been made at Lyons, in 
France, to construct soch a bridge more than twenty years 
before ; but it had entirely fsuled, and a bridge of timber 
was erected instead. It is not known whether the Coal- 
brookdalo masters bad beaid of that attempt; hut, even if 
they had, it could have been of no practical use to thoq^ 



* AmoDgUieotherEUbscniRrewn? 
the Sey. Mr, HuriE. Sir. JoinisgB, 
uid Mr. John WllkiDun, as actiTe 
ptamoter of the ichrane, who gave tht 
anBfaay th« benelit of his skill and 
uperisQGC when it wns detgrminal to 
confltmct the biid^ of iioQ. For nn 
aoooont of John Wilkiuwn m LiBtt of 
tht Eaginem-a, to), ii. 33T, 3SE. In 
the descriptJnn of the first iron bridge 
given in thot work WB have, it ap- 
pears, attribulsd rather moi-e ci'edit to 
Hr. WiUinion than he is entitled to. 
Mr. Darby was the most actlre [mj- 
luter of the echane, tad had the prin- 
cijKil share in the deeigB. Wiikiaaon 
DCTBrthclcss was o man of great enei^ 
and originalil}-. B«ii[« being Urn 
builder of tlie iirst iron ahip. be iiaa 



the fir>-t to inrent, for JaiiKs Wa«^ 
machine that woald bare a 
Iroe cjlinder. He aftarwards «. 
blished iron works in Frsnee, t 
Arthur Young sayi, tliat » unttt d 
well-tcDon'o English Dumnfketanr 1 
rirol, the French knew nothing of j| 
art of caetfni; cinnnn lotid nod V^ 
boring them " ( Ti-aetla in fivHca,i 
ed. London, 1792, p. 90). " - •" 
Innd hod bomivred ber firf 
malier from Fiance in the pecsi . 
Peter Bnude, na desoriljeii in chap-M 

Wilkinson is also said to 1 -" 

sldnd of hot-blast, in respect of vti 
TarioQB witnesses gave evidence oi 
trial of Neilson's patent i 
the iavwtion does not appear to ll 
been perfedad bj him. 



TBK l-tHflT IBON BRIDUK. 

Ui. rritohard, an arcliiteot of SbrewKbuiy, was first cm- 

ployed to prepare a design of tho intended etrooture, which 

is (till preserved. Although Jlr. I'ritchard proposed to 

ffltroduce cast-iron in the arob o£ the bridge, which was to 

'« of 120 feet span, it was only as a 6ort of key, occupying 

but a few feet at the crown of the arch. This sparing use 

of east iron indioatea the timidiiy of the architect in dealing 

^ith the new muterial — his plan exhibiting a desire to 

efleot a compromise between the tried and the untried in 

cjridge-conBtmction. But the use of iron to so limited an 

fextent, and in such a psirt of the structure, was of more 

than questionable utility] and if Mr. I'litchard'a plan had 

l)een adopted, the problem of the iron bridge would still 

Jisve remained uneolved. 

The plan, however, after having been duly considered, 
as eventiwlly set aside, and another, with Ihe entire arch 
of caet-iron, was prepared under the superintendence of 
Abraham Darby, by Mr. Thomas Gregory, hia foreman of 
pattern-makers. This plan was adopted, and arrangements 
were forthwith made for carrying it into ofTect. The abut- 
m^ats of the bridge were built in 1777-8, during which 
the castings were made at tho foundry, and the ironwork 
aucceBsfuUy erected in the course of three months. 
The bridge wag opened for traffic in 1779, and proved a 
most serviceable structure. In 1788 tho Society of Aria 
recognised Mr. Darby's merit as its designer and erector 
by presenting him with their gold medal ; and tho model 
of the bridge is still to be seen in tho collection of the 
iJociety. Mr. Kobert Stephenson has said of the stnictnre : 
If we consider that the manipulation of cast-iron was then 
jmpletely in its infancy, a bridge of such dimensions was 
doubtless a bold as well as an original undertaking, and 
the efiSciency of the details is worthy of tho boldnesa of tho 
oouception." • Mr. Stephenson adds that from a defect in 
the ooustmction the afautmentfi were thnist inwards at tha 

':iKi/dopadia Brilanjiica, Stbiii. Art, "Iruu Bridge," ^^^| 
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approafllieB and the riba partiallj fracturod. V^'n are, how- 
ever, informed that this is a mistake, though it does appear 
that the approheoEioa at one time ezJBted that such 
accident might possibly occur. 

To remedy the supposed defect, two small land 
were, in the year 1800, Giifastituted for the stone ap] 
on the EroBoIey aide of the bridge. While the work waa 
in progress, Mr. Telford, the well-known engineer, carefnlly 
examined the bridge, and thus spoke of its condition at the 
time : — " The great improTement of erecting upon a navi- 
gable river a bridge of cast-iron of one arch ouly waa first 
put in practice near Coalbrookdale. The bridge waa 
executed in 1777 by Mr. Abraham Darby, and the ironwork 
is now quite as perfuct ob when it was fiist put up. Draw- 
ings of this bridge have long been before the public, and 
have been much and justly admii-ed." • A Coalbrookdale 
correspondent, writing in May, 1862, informs us that "at 
the prenent time the bridge is undergoing repair; and, 
special examination having been made, there is no appear- 
ance either that the abutments have moved, or that the rihs 
have been broken in the centre or are out of their proper 
right line. There has, it is true, been a strain on tho land 
arches, and on tho roadway plates, which, however, the 
main arch has been able effectually to resist." 

The bridge has now been in profitable daily nse for 
upwards of eighty years, and has during that time proved 
of the greatest convenience to the population of tho 
trict. So judicious was the selection of ita sito, and 
great its utility, that a thriving town of the name of Ii 
bridge has grown up around it upon what, at tlie time 
its erection, was a nameless part of "the waste of the 
manor of Madeley." And it is probable that tho bridge 
will last for centuries to come. Thus, also, was the nse of 
iron aa an important material in bridge-buUding fairl 
initiated at Coalbrookdale by Abraham Darby, as the 

• PlTir-ET, Omeral Tim tf tht AQrioiiUart <^ ShijfMt. 
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of iron rails was bj Kiohard Reynolds. ^Vo need scai-cely 
*dd that sincB the invention and extensive adoption of 
railway locomotion, the empIojTnent of iron in Tarious 
forms in railway and bridge etrucinrea has rapidly in- 
Oreosed, until iron haa come to be regarded as the very 
Kheet-anchor of the railway engineer. 

In the mean time the works at Ooalbrookdalo had become 
largely extended. In 1784, ■when the gOTermnent of the 
^7 proposed to levy a tax cm pit-coal, Eichard Reynolds 
strongly ni^ed upon Mr. Pitt, then Chancellor of the Ex- 
chequer, as well as on Lord Gower, afterwards Marquis ot 
Stafford, the impolicy of such a tax. To the latter he 
represented that large capitals had been invested in the 
iron trade, which was with difficulty carried on in the fece 
of the competition with Swedish and Euaeian iron. At 
Coalhrookdale, aixteeu " fire engines," as steam engines 
were first called, were then at work, eight blaat-iumaces 
and nine forges, besides the air furnaces and mills at the 
foundry, which, with the levels, roads, and more than 
twenty miles of iron railways, gave employment to a very 
large number of people. " llie advancement of the iron 
trade within these few years," said he, "has been prodi- 
gious. It was thought, and justly, that the making of pig- 
iron with pit coal was a great acquisition to the country 
by saving the wood and supplying a material to manufac- 
tures, the production of which, by the consumption of all 
the wood the country produced, was formerly imequal to 
the demand, and the nail trade, perhaps the most consider' 
«ble of any one article of manufactured iron, would have 
been lost to this country had it not been found practicable 
to make nails of iron made with pit coal. We have now 
another process to attempt, and that is to make bar iron 
with pit coal; and it is for that puipoae we have made, or 
ratherare making, alterations atBontiington Wood, Ketley, 
and elsewhere, which we expect to complete in the present 
year, hut not at aless expense than twenty thousand pounds, 
iriiioh will be lost to us, and gained by nobody, if this tax 
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Is laid upon our coals." He ■would not, however, haTfi it 
tinderelood tiat ho sought for any protection for the home- 
made iron, notwithstanding the lower prices of the foreign 
article. " From its most imperfect state as pig-iron," he 
observed to Lord Sheffield, "to its highest finish in the 
regulating eprings of a watch, wo ha-ve nothing to fear if 
tho importation into each country should be permitted 
without duty." ^Vo need scarcely add that the subsequent 
history of the iron trade abundantly justified these saga- 
cious anticipations of Bicbard Beynolds. 

He was now iar advanced in years. His business had 
prospered, his means were ample, and ho sought retire- 
ment He did not desire to posBCss great wealth, which ia 
his opinion entailed such serious responsibilities upon il« 
possessor; and he held that the accumulation of laige pro- 
per^ was more to be deprecated than desired. He there- 
fore determined to give up his shares in the ironworks at 
Ketley to his sons William and Joseph, who continued to 
carry them on. "William was a man of eminent abili^, 
well versed in science, and an excellent mechanic He in- 
troduced great improvements in the working of the coal 
and iron mines, employing new machinery for the purpose, 
and availing himself with much ingenuity of the discoveries 
then being made in the science of chemistrj'. He was also 
ftn inventor, having been the first to employ (in 1788) 
inclined planes, consisting of parallel railways, to connect 
and MTork canals of difTeienl levels, — an invention errone- 
ously attributed to Fulton, but which the latter himself 
nclcriowloc^cd to belong to William Beynolds. In the fiist 
I'huptor of his 'Troatiso on Canal Navigation,' published 
in 17510. Fulton says: — " As local prejadices opposed the 
Tluko of llridipwator's cftnal in the first instance, prejudices 
equally strong as fiiroly adhered to the prindple on which 
it WAS ottustruDtod : luul it was thought impossible to lead 
ono thiHiuj-li n oountry, nr li> work it to any advantage, 
iinlMv by lock* and Ixjats of at least twenty-five tons, till 
the goniu" of Mr, WiUiftin KcytioldB, of Ketley, i 
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Aire, stepped from the accuetomed path, ounstmcted the 
fcstmolined plane, and introduced boats of five tons. This, 
litfl the Duke's canal, was deemed a TiBionary project, and 
pirtJcularly by his Grace, who was partial to looks ; yet 
this is also introduced into practice, and will in many 
ttiBtancea supersede lock canals." Telford, the engineer, 
*ho gracefully acknowledged the valuable assistance he 
"•eceiTed from William Reynolds in planning the iron 
aqoeduct by means of which the EUesmere Canal was 
'<3arried over the I'ont Cysylltau, and in executing the ne- 
aaary castings for the purpose at the Ketley foundry. 
The future management of his extensive ironworka being 
"thus placed in able hands, Eichard Heynolda finally left 
^^oalbrookdale in 1804, for Bristol, his native town, whore 
Tie spent the remainder of his life in works of charity and 
Inercy. Here we might leave the subject, but cannot 
•Jsfnia from adding a few concluding words as to the moral 
characteristics of this truly good man. Though habitually 
Tfiligions, he waa neither demure nor morose, but cheerful, 
gay, and humorous. He took great interest in the plea- 
sures of the young people about him, and exei-tod himself 
in all ways to promote their happiness. Ho was fond of 
books, pictm-es, poetry, and music, though the indulgence 
of artistic tastes is not thought becoming in the Society 
to which he belonged. His love for the beauties of nature 
amounted almost to a passion, and when living at The 
Bank, near Ketley, it was his great delight in the EUminer 
evenings to retire with his pipe to a rural seat command- 
ing a fuU view of the Wrekin, the Eruall Woods, with 
Cader Idria and the Montgomery shije hills in the dislanoe, 
and watch the sun go down in the west in his glory. Onoe 
in every year he assembled a large party to spend a day 
with hini on the Wrekin, and amongst those invited were 
ihe principal clerks in the company's employment, together 
witht^eir families. At Madeley, near Coalbiookaale, where 
he bought a property, ha laid out, for the express use of 
the workmon, extensive walks thi'ougli the woods on Lin- 
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coin Hill, commanding beautiful viewe. They were c 
" The Workmen 'a Walks," and were a source of 
joyment to them and their familios, especially on Soi 
ftftemoona. 

Whrn Mr. Keynolds went to London on busine 
accuHti mod to make a round of Tieits, on hia way home,! 
places remarkable for their picturesque beauty, snch f 
Stowe, Hagley Park, and the Leasowen. After a visit S 
the latter place in 1767, be thus, in a letter to hia friend ' 
John Maccappen, vindicated hie love for the beautiful in 
nature : — " I think it not only lawful but expedient to cul- 
tivate a disposition to be pleased with the beauties of 
nature, by frequent indulgences for that purpose. The 
mind, by being continually applied to the coneideiataon of 
ways and meajis to gain money, contracts an indifferoncy 
if not an insensibility to the profusion of beauties wLicli 
the benevolent Creator baa impressed upon every part of 
the matej ial creation. A sordid love of gold, the posses- 
fiion of what gold can purctase, aJid the reputation of being 
rich, have so depraved the finer feelings of some men, 
that they pass through the most delightful grove, filled 
with the melody of nature, or listen to the murmurings of 
the brook in the valley, with as little pleasure and with no 
more of tho vernal delight which Milton describes, than 
thoy feel in passing through some obscure alley in a town-" 

When in the prime of lifo, Mr. Reynolds was an OJt 
lent rider, performing all his journeys on horseback, 
used to give a ludicrous account of a race he onoe 
with another youth, each halving a lady seated on a piU 
behind him ; Mr, Iteynolda reached the goal first, bat wIm 
he looked round he found that he had lost hia fidi- ooi 
panion, who bad fallen off in the race 1 On another q 
oasion he had a hard nxn with Lord Thnrlow during 1 
visit paid by the latter to the Ketley Iron-Works. 
Thurlow pulled up his horse first, and observed, l 
Ing, " I tiiink, Mr. Heynolds, this is probably the i 
time that over a Lord Chonoellor rode a race wit 
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olds on Blaokheath. Though ho declined Govom- 
ere for cannon, he s&enui to have bad a socret 
; after the " pomp and circumstance " of military 
life. At all events he was present on Blackhcath ouo day 
when George III. was reviewing some troops. Mr. Kcy- 
nolds's horse, an old trooper, no Booner heard the aound of 
tho tnimpGt than ho started off at full speed, and made 
. directly for the group of ofBgeis beftire whom the ti'oopa 
& defiling. Great was tho surprise of tho King when 
he saw the Quaker draw up alongsido of him, but still 
greater, perhaps, was the confusion of the Quaker at finding 
himself in such company. 

During the later years of his life, while r[\ing at 
' Bristol, his hand was in every good work ; and it was 
often felt where it was not seen. For ho carofiilly avoided 
oetentatiou, and preferred doing his good in socret. Jlv 
strongly disapproved of making charitable bequests by 
will, which he observed in many cases to have been tho 
foTpidation of enormous abuses, but hold it to be the duty 
of each uiou to do all tlie possible good that he could 
during his lifetime. Many were the instances of liia 
princely, though at the time unknown, mimificence. Un- 
■willing to be recognised as the giver of large Bmns, he 
employed agents to dispense his anonymous benefactions, 
IHe thus sent 2O,00OJ. to London to be distributed during 
the diatress of 1795. Ho had four almonera constantly 
employed in Bristol, finding ont cases of distress, relieving 
thnu, and presenting their accounts to him weekly, with 
details of the cases relieved. He searched the debtors' 
prisons, and where, as often happened, deserving but unfor- 
tnnate men were found confined for debt, he paid the 
claims against them and procured their release. Such a 
a could not fail to bo followed with blessings and gra- 
Utade; but these ^-sought to direct to tho Giver of all 
Good. "My talent," said he to i friend, " is the meanest 
of bU talent*.^-* little sordid dust; but as the man in the 
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parablo who had but ono talent waa hold accountable, ■ 
ulso am. acQouutable for the talent that I possess, hmubia 
AB it is, to tho great Lord of all." On one oocasioti th^ 
caee of a poor orphan boy was submitted to him, whi 
parents, both dying young, had left him destitute, 
which Mr, lEeynolda generouHly offered to place a Bum 
the names of trustees for his education and maiateoano^— - 
until he could be apprenticed to a business. The lady^ 
who represented the case was so overpowered by the mDoi- — — 
fioence of the act that she burst into tears, and, utm^Mn ^ — : 
to esprcHs her gratitude, concluded with — " and when Ae ^m 
dear child is old enough, 1 will teach him to thank his-^^ 

benefactor." " Thou must teach him to look higher," inter- 

rupted L'oynoldfl : "Do we thank the clo7ids for rain?^^^ 
"When the child grows up, teach him to thank Him who ^ i^ 
Bendeth both the clouds and the rain." Eeynolds himselfr^M 
deplored hia infirmity of temper, which was by nature ^^E 
hasty; and, as his benevolence waa known, and appeals ^^ 
were made to him at all times, seasonable and unseoHOn- — — 
able, he aometimes met them with a sharp word, whioh, -^ 
however, he had scarcely uttered before ho repented of it; ^ 
and he is known to have followed a poor woman to her ^"^ 
home and ask forgiveness for having spoken hastily in 
answer to her application for help. 

This " great good man " died on the 1 0th of Septeml 
1816, in the 81st year of his age. At hie fanexal the j 
of Bristol were the chief mourners. The children of tl 
benevolent societies which be had munificently supported 
during his Hfetime, and some of which he had founded, 
followed his body to the grave. The procession was joined 
by the clergy and ministers of all denominations, and by 
men of all classes and persuasions. And thus was Jtichard 
Eeynolds laid to his rest, leaving behind bim a name fiill . 

of good odour, which will long be held in giatefnl remeia- I 
branoe by the inhabitants of Bristol. / 

> i 
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CllAI'TKi: VI. 
Invention of Oast Steil — Benjamin UuNTSiiAif. 



" It may .be artnai thnt aa cei-tainl; ae the oge nf ii-on lupci'wided tLit 
orbRmn, n will ihe age of sImI reign triumpliiint orer iron." — HemsT 



ION, besides being uued in. various Ibrma as bar and utst 
ie alsu u^d in various forms aa bar and .cast ateel; 
td it IB principally because of its many admimble qnali- 
38 in these latter forms tbat iron maintains its supremacy 
rer aH the other metals. 

The process of converting iron into steel had long been 
lown among the Eastern nations before it was introduced 
ito Europe. The Hindoos were etipe'jially skilled in tho 
of making et«ei, as indeed they are to this day ; and it is 
^poaed that the tools with which tho Egyptians covered 
01 obelisks and temples of porphyry and syenite witb 
iroglyphica were made of Indian steel, as probably no 
ber metal was capable of execntiag such work. Tho 
b oeems to have been well known in Germany in tho 
iddle Agea, and the process is on the whole very faith- 
lily described by Agricola in his great work on Hotal- 
irgy.* England then produced very little steel, and was 
aiiJy dependent for its snpply of the article upon tho 
,tal makers. 
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From an early period Sheffield became diatingaiahed for 
ite manuiaature of iron and steel into various useful artiolefl. 
Wo find it mentioned in the thirteenth centurj as a plaoa 
where the best arrowheads were made, — the Earl of Rioh- 
mond owing his succesa at the battle of Bosworth partly to 
their enperior length, sliarpnesa, and finish. The mann- 
factcres of the town became of a mora pacific character in 
the following centuries, during which knivea, tools, and 
implements of husbandry became the leading articles. 

Chaucer's reference to the 'Sheffield thwytel' (or case- 
knife) in hia Canterbury Tales, written about the end of 
the fourteenth century, shows that the place had then 
become known for its manufaoture of knives. In 15T5 we 
find the Earl of Shrewsbury presenting to hia friend Lord 
Burleigh "a case of Hallamshire whittella, being such 
fhiites as hia pore cuntrey affordeth with feme throughout 
the realme." Fuller afterwards speaks of the Sheffield 
knives as " for common use of the country people," and he 
cites an inatance of a knave who cozened him out of four- 
pence for otic when it was only worth a penny. 

In IfiOO Sheffield became celebrated for its tobacco-bo sea 
and Jew's-harps. The town was as yet of smali size and 
population ; for when a survey of it was made in 1615 it 
was found to contain not more than 2207 householdors, of 
whom one-third, or 725, were " not able to live without the 
charity of their neighbours : these are all beting poor."* 
It must, however, have continued its manufacture of knives; 
for we find that the knife with which Felton stabbed the 
Duke of Buckingham at Portsmouth in 1628 was traced to 
Sheffield. The knife was left sticking in the duke's body, 
and when examined was found to bear the Sheffield corpo- 
ration mark. It was ultimately ascertained to have been 
made by one Wild, a cutler, who had sold the knife for 
tenpencQ to Felton when recruiting in the town. 

At a still later period, the manufacture of clasp or spri 

• Tbe Rev. JosEPn Hdntbr, Eisttry ej eallamihire. 



biivw was introduced into Sheffield by Flemish woi'kmen. 
Harrison says thia trade was begun ia 1650. The claep- 
knife was commonly known in the North as a joateleg. 
Hence Burns, describing the famous article treaenred by 
Captsin Grose the antiquarian, says timt — , 



Iho word being merely a corruption of Jacques de Liege, a 
iwDons foreign cutler, whose knives were as well known 
tbronghout Europe as thoGe of Kogers or Mappin are now. 
Scythes and sickles formed other branches of manufacture 
miroiluced by the Flemish artisans, the makers of the 
former principally living in the parish of Norton, those of 
the latter in Eckingtoii. 

Many improf ementa were introduced from time to time in 

the material of which these articles were made. Instead of 

importing the German 6teel, as it was called, tLe Sheffield 

■MnntjicturerB began to make it themselves, principally 

from Dannemora iron imported from Sweden. The first 

^gliBk mauufacturer of the article was one Crowley, a 

Newcaetio man ; and the Sheffield makers shortly followed 

MS example. We may here briefly state that the ordinary 

method of preparing this valuable material of manufactures 

M by exposing iron bars, placed in contact with roughly- 

gnmalated charcoal, to an iutent^e heat, — the process lasting 

for about a week, more or less, according to the degree of 

cvtxtnization required. By thia means, what is called 

Hiitered steel is produced, and it furnishes the matorial out 

of which razors, files, knives, swords, and various articles 

of hardware are manufactured. A further process ia the 

manufacture of the metal thus treated into shear steel, by 

Giposing a &ecioulua of the blistered steel rods, with sand 

Boattered over them for the purposes of a flns, to the heat 

of a wind-furnace nntil the Tfhole mass becomea of a 

welding heat, when it is taken from the fire and drawn 

ont under a forge-hammfr, — the process of welding being 
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repeated, after which the ateel is reduced to the requirei ' 
sizes. The article called faggot steel is made aftei & 
Bomewhat siniilar process. 

But the moat valuable form in which steel is now dbb^ 
in the manufectures of ShefBeld is that of cast-steel, i*=* 
which iron is preeeated in perhaps its veiy highest slat:-^ 
of perfection. Cast-steel conaists of iron united to oarlw^c^ 
in an elastic state together with a small portion of oxygen '• 
whereas crude or pig iron conMists of iron combined wil^^ 
carbon in a. material state." The chief merits of caat-atet^- >■ 
consist in its possessing great cohesion and closeneES ^^- ^ 
grain, with an aetonishing degree of tenacity and flei ^" 
ibility, — qualitiea which render it of the highest value i^^^^ 
all kinds of tools and instruments where durability, polish^ — -> 
and fineness of edge are essential requisites. It is to Ihi^^a^ 
material that wo are mainly indebted for the esquisit^^** 

cutting instrument of the sui^eon, the chisel of the Boulptoi 1 

the steel plate on which the engraver practises his art^ ^"^ ' 
the cutting tools employed in the Torioua processes orz -^' 
skilled handicraft, down to the common saw or the axe—*' 
used by the backwoodsman in levelling the primevaB^^ 
forest. 

The invention of cast-steel is duo to Benjamin Hnntsman- 
of AttercIifFe, near Sheffield. M. Le Play, Professor ( 
Metallurgy in the Koyal School of Mines of Prance, aftoc:i 
making careful inquiiy and weighing all the evidence Qtm 
the subject, arrived at the conclusion that the i 
fairly belongs to Huntsman. The French professor « 
of it as a " memorable diECOvery," made and applied with* 
admirable perseverance ; and he claims fur ita inventor tl 
distinguished merit of advancing the steel manufactures 00 
Yorkshire to the fii-st rank, and powerfully contributing to* 
the establishment on a firm foundation of the industriaW 
and commurcial supremacy of Groat Bntain. It is remark— 
Kbie that a French writer should have boon eunong tT 

• MowMlT, Paptra m Iron and Steit. 
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fBt to direct public attention to the merits of this inventor, 

to have &«t publiBhed the few tacts known as to hia 

JBtory in a French Government Kaport, — showing the 

leglect which men of this class have heretofure received 

home, anil the much greater esteem in which they are 

lid by scientific foreigners.* Le Flay, in his enthusiastic 

dniiration of the discoverer of bo potent a metal as cast- 

i©l, paid a visit to Hunteman'a giavo in AtterclifFe 

inrchyard, near SheiSeld, and from the- inscription on 

I tombetono recitea the facts of his birth, his death, and 

I brief history. With the afiaistance of his descendants, 

I are now enabled to adil the following record of the life 

■Hid labouis of this remaikaljle but almost forgotten man. 

Benjamin Huntsman was bom in Lincolnshire in the 

rear 1704, His parents were of German extraction, and 

. settled in this country only a few years previous to 

birth. The boy being of an ingenious turn, was bred 

lUnechaiiical calling; and becoming celebrated for his ex- 

^rtness in repairing clocks, he eventually set up in business 

a olock maker and mender in the town of Doncaster. 

Je also undertook various other kinds of metal work, such 

n the making and repairing of locks, smoko-jacts, roast- 

-jacks, and other articles requiring mechanical skiD. 

was remarkably shrewd, observant, thonghtfnl, and 

motical; eo much so that he came to be regarded as the 

wise man " of his neighbourhood, and v/as not only con- 

plted as to the repairs of machinery, but also of tho 

iman frame. He practised surgery with dexterity, though 

:er an. empirical fashion, and was held in especial esteem 

an oculist Hia success was auch that hia advice was 

anght in many sui^ical diEeases, and he was always ready 

pve it, but declined receiving any payment in return. 
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In the exercise of his mschaaical calling, he introdiu 
eeyeral improved toola, but -was imich hindered fey I 
inferior quality of the metal aupplied to him, which n 
common Gorman steel. He also experienced consideran 
di£Boulty in finding a material anitablo for the springe a ' 
pendnluma of hia cloofes. These circnm stances induced 
him to turn his attention to the making of a better kind of 
Hteel than was then procurable, for the purposes of his t 
His first experiments were conducted at Doncaeter ; '■ 
aa fuel was difficult to be had at that place, he det| 
mined, for greater convenience, to remove to the li 
hood of Sheffield, which he did in 1740. He first setUecl 
at naadsworth, a few miles to the south of that town, and 
there pursued his investigations in secret. Unfortunately, 
no records have been preserved of the methods which ho 
adopted in overcoming the difGcultioa he had necessarily 
to encounter. That they must have been great ia certain, 
for the process of manufacturing caat-steel of a firat-rato 
quality even at this day is of a most elaborate and delicat» 
character, requiring to be carefully watched in its various 
stages. He had not only to diacover the fuel and flux. 
suitable for hie purpose, but to build such a furnace and 
make such a crucible as should sustain a heat more in- 
tense than any then known in metalhirgy. Ingot^-moulda 
had not yet been cast, nor were there hoops and wedges 
made that would hold them together, nor, in short, were 
any of those materialB at his disposal which are now bo 
familiar at every melting-fiimace. 

Huntsman's experiments extended over many years be- 
fore the desired result was uchieved. Long after his death, 
Iho niemoriala of the numerous failures through which ha 
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toiUomely worked his way to anceess. were brought to light 
in the shape of many handredweights of steal, found buried 
in the earth in different places about his mamifactory. 
From the niunber of these wrecks of early experiments, it 
is dear that he had worked coctinuoUBly upon his grand 
idea of purifying the raw steel then in use, by melting it 
\rith fluxee at an intense heat in closed earthen crucibles. 
The buried masses were found in varions stages of failure, 
siismg from imperfect melting, breaking of cruciblea, and 
bad fluxes ; and had been hid away aa ao much spoiled steel 
(iTThich nothing could be made. At last his perseverance 
^^M9warded, and his invention perfected; and though 
^^^■lied years have passed since Huntsman'.s discovery, 
^^^KBoription of fuel (coke) which he first applied for 
Bi^^Opose of melting the steel, and the oruciblee and 
fmnacea which he used, are for the moat paii similar to 
tiwe in use at the present day. Although the making 
of laat-ateel is conducted with greater economy and dex- 
terity, owing to increased esperience, it is questionable 
whether any niaker has since been able to surpass tho 
qiuJity of Huntsman's manufacture. 

The process of making cast-steel, as invented by Benjamin 
HmUgman, may bo thus summarily described. Tho melt- 
ing is ccmdnct«d in clay pots or crncibfes manufactured 
for the purpose, capable of holding about 34 lbs. each, 
Tm or twelve of such crucibles are placed in a melting 
hiuce similar to that used by braes founders ; and when 
llw fomaco and pota arc at a white beat, to which they 
Ke laieed by a coke fire, they are charged with bar steel 
Rdnced to a certain degree of hardness, and broken into 
pieces of about a pound each. When tho pots are all 
thoa chained with steel, litis are placed over thom, the 
hmace is filled with coke, and the cover put down. 
Under the intense heat to which the metal is exposed, it 
DndBtgoea an apparent ebullition. When the furnace re- 
qnires feeding, the workmen take the opportunity of lift- 
ing the lid of each crucible and judging how far the prooeu 
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1ms advanced. After about three hours' exposore to t 
heat, the melal ie ready for " teeming." The completion 
of the melting piooess is known by the subsidence of al) 
ebullition, and by the clear surface of the melted metal, 
which in of a dazzling brilliancy lite the suu when looked 
at with the naked eye on a clear day. The potB are theo 
lifted out of their place, and tho liquid steel is poured into 
ingots of the shape and size required. The pots are re- 
placed, filled again, and tho proceea is repeated -, the red- 
hot potfi thus serving for tliree successive charges, after 
which they are rejected as useleea. 

When Huntsman had perfected his invention, it would 
naturally occur to him that the now metal might he em- 
ployed for other purposes besides clock-springs and pen- 
dulums. The buainesa of clock-making was then of a veiy 
limited character, and it could scarcely have been ■worth 
his while to pursue bo eztensive and costly a scries of 
experimeutfl merely to supply the requirements of that 
trade. It is more probable that at an early etage of his 
investigations he shrewdly foresaw the extensive uses to 
which cast-steel might be applied in the manuiactnre of 
tools and cutlery of a superior kind ; and we accordingly 
find him early endeavouring to persuade the manufacturars 
of Sheffield to employ it in the manufacture of knives aid 
razoi-8. Eut the cutlers obstinately i-efused to work » 
material so much harder than that which they had been 
accustomed to use ; and for a time he gave up all hopes of 
creating a demand in that quarter. Foiled in his endeavours 
to sell his ateel at home, Huntsman turned his attention to 
foreign markets ; and he soon found he could readily mQ 
abroad all that he could make. The merit of employii<g 
cafit-ateel for general purposes belongs to the Frenflhi 
llways so quick to appreciate the advantages of any no* 
lisoovery, and for a time the whole of the cast-steel thflt 
Buntsman could manufacture was esported to Fi'anoe. 

AVhen he had fairly established hia business with tlul 
oountiy, the Sheffield cutlers beoame alanned at the » 
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wtich caat-steel was acquiring abroad ; ajid when 

liey heard of lie preferenoe displayed by Engliah as ■well 

Prenoh coaBumerB for the cutlerj'' maiiafactured of that 

letal, they readily appiehended the eerioua consequences 

,t lauBt necessarily result to their own trado if cast- 

kel came into general use. They then appointed a de- 

itation to wait upon Sir Goorgo Savilo, one of tho mcEn- 

Ts for tho county of York, and teqnetited him to ubo 

a influonce with the government to ohtiiin an order to 

obibit the exportation of cast-ateel. But on learning 

lea the depstation that the SheSQeld mannfacturers thom- 

Ives would not mako use of the new steel, he poaitively 

fiolined to comply with their request. It was indeed 

Bttmate for the intoreata of the town that the ohjeot of tJio 

jbpntation was defeated, for at that time Mr, HunfKman 

" Tery pressing and lavourable offera from some spirited 

lanTiiaoturers in Birmingham to remove his furnaces to 

.t place ; and it is extremely probable that had tho 

nness of caet-Eteel making become established there, ono 

rthe most important and lucrative branches of its trado 

tonld have been lost to the town of Sheffield. 

The Sheffield makers were therefora under the necessity 

using the eastrsteel, if they would retain their trade in 

ntlery against France ; and Huntsman's home trade rapidly 

kcreased. And then began the efforts of the Sheffield 

an to wiest his secret from him. For Huntsman had not 

ken out any patent for his invention, his only proteciion 

ling in preserving his process ae much a mystery as 

OsBible. All the workmen employed by him were pledged 

inviolable secrecy; strangers were carefully excluded 

mi the works ; and tho whole of the steel made was 

ilted during the night. There were many speculations 

Iwoad as to Huntsman's process. It was generally believed 

it his seonat consisted in the flux which he employed 

make tho metal melt more readily; audit leaked out 

piougst the workmen that ho used broken bottles for Ihe 

Urpoae. Some of the manufactnrcrs, who by prying ani] 
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bribing got an inkling of the process, followed Huntsmaii 
implicitly in this respect ; and they would not allow their 
own workmen to flax tha pola lest they also should obtain 
poMeasion of the secret. Bnt it turned out eventually that 
no such flux was neceesary, and the practice has long since 
been discontinued. A Frenchman named Jars, frequently 
quoted by Le Play in hia account of the manufacture o( 
steel in Yorkshire,' paid a visit to Sheffield towards the 
end of last century, and described the process so far as he 
was permitted to examine it. According to his statement 
all kinds of fi^guients of broken steel were used ; but this 
is corrected by Le I'lay, who gtatos that only tl 
steel manufactured of Dannemora iron was employe 
Jars adds that "the steel is put into the crucible witk 
tlux, the composition of which is kept secret;" and I 
states that the time then occupied in the conversion i 
five hours. 

It is said that the person who first succeeded ii 
Huntsman's process was an ironfounder named Walker, 
who carried on his business at Grcenside near Sheffield, 
and it was certainly there that the making of casf^steel 
was next begun. Walter adopted the "ruse" ofdi^uising 
himself as a tramp, and, feigning gi-eat distress and abject 
poverty, he appeared shivering at the door of Huntsman's 
foundry late one night when the workmen were about ti 
begin their labours at steel-casting, and asked for adniise 
to warm himself by the furnace firo. The ' 
hearts were moved, and they permitted him to e: 
have the above facts from the descendants of the Hunts: 
family; bat we add the traditional story preseivod b 
neighbourhood, as given in a, well-known book on 
Inrgy : — 

" One cold winter's night, while tho snow was 
in heavy flakes, and the manufactory threw its red g 
light over the neighbourhood, a person of the most a 

■ ^Mnalti du HiiKt, tuU. iii. uid ii,, 4tli Sftih, 



■ppear&Qce presontod hinuelf at tlio entrance, praying for 
permiBsioB to ehare the wtirnitli and shelter wluch it 
afforded. The hunuine trorkmen found the appeiU ine- 
Bistible, and the apparent beggar was permitted to take up 
Wa qnartera in a warm comer of the building. A careful 
Bcmliiiy would have discovered little real sleep in the 
drowEdn^B which seemed to overtake the stranger ; for he 
eagerly watched e^ery movement of the workmen while 
they went through the operations of tie newly discovered 
process. He observed, first of all, that bars of blistered 
steel were broken into small pieces, two or three inolies iu 
length, and placed in crucibles of fire clay. When nearly 
full, a little green glatis broken into small fragments wao 
spread over the top, and the whole covered over with a 
cloaely-fitting oover. The crucibles wore then placed in a 
famaCB previously prepared for them, and after a lapse of 
&om tliree to four hours, during which the crucibles were 
examined from time to time to see that the metal was 
thoroughly melted and incorporated, the workmen pro- 
ceeded to lift the crucible from its place on the furnace by 
means of tongs, and its molten contenta, blazing, sparkling, 
and spurting, were poured into a mould of cast-iron pre- 
viously prepared : here it was suffered to cool, while the 
crucibles were again filled, and the process repeated. 
"When cool, the mould was unscrewed, and a bar of cast- 
steel presented itself, which only required the aid of the 
hammerman to form a finished bar of cast-steel. How the 
nnanthorized spectator of these operations effected hia 
eecape without detection tradition does not say; but it 
tells na that, before many months had passed, the Hunts- 
man manufactory was not the only one where cast-steel 
wae produced." ■ 

However the facts may he, the discovery of the elder 
proved of the greatest advantage 
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' where Sheffield 
t higUy fioitihsd 

L far Himta- 
i ■■ 1770^ for the pnrpoee 
I, he removed 
dat Attercliffis, 
Btvcnieatly situated 
i to floorish for 
lix JTMB BBR. ntltaf itw l vd pnMitising heneroience ; 
far. Uka tl« OiKfcTS md B^iwiLWa at Ca«U>n>okdfJe, he 
r ot the Society 
• veil TCned in the aciesce of his day, 
rj, wkiek ihwililhMi proved of great 

largjr.* Ibt lie was [HtfiiiTiid et gmt peraerennce will 
be u bT i o na betm tba dificvkiea be encomiteTed and over- 
ouHe in pufcctng hi* yhtahie iDventioo. He was, faow- 
ever. Itba mmnj p^taAns of stroi^ onginal character, 
•eeentiie in hia habtti «al leeemd in his manner. The 
Bejal Socie^ wished to euel him as a member in ac- 
ktMjwledginMtt of the hif^ merit of hi9 disctrrery of catA- 
ateel, w w^ as becavsa of faia ifcill in practical chemistry ; 
hut t» this weuU havo drawn him in some mea^nre from 
his eedouoo, and was also, aa he imagined, opposed to the 
principles of the Societr to which he belonged, he declined 
the htmonr. Ilr. Hantsman died in 1776, in his eeventy- 
seoond year, and was buried in the chorchjard at Atter- 
cliffe, where a graTcstono with an inscription marks his 
lesting-place. 

Ilis scm oonlinited to cany on the basinees, and largely 
extended its operations. Tlie Huntsman mark became 
known thronghoat the civilised world. Le Play, the 
French Professor of Metallui^, in his Memairt of 1846, 
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■till Bpeaks of the cafit-ateel bearing the moik of " Himts- 
nun aud Marshall " as the beet that is made, aud ho odds, 
"the buyer of this article, "who pays a higher price for it 
than for other eorts, is not acting merely in tlie blind Bpirit 
of routine, but paya a logical and well-deserTod homage 
to all the material and moral qualities of wbicb the 
trae Huataman mark has been the guarantee for a cen- 
tury." • 

Many other large firms now compete for their share of 
the trade ; and the extent to which it has grown, the num- 
ber of fnTnacee oonHfantly at ■work, and the quantity of 
Bteel cast into ingots, to be tilted or rolled for the Tarioue 
purposes to which it is applied, have rendered Sheffield the 
greatest laboratory in the world of this Talnablo material. 
Of the total quantity of cast-steel manufactured in Eng- 
land, not less than five-sisths are produced there ; and the 
facilities for experiment and adaptation on the spot have 
enabled the ShefEeld steel-makers to keep the lead in the 
manufacture, aud surpass all others in the perfection to 
which they have carried this important branch of our 
national industry. It is indeed a remarkable fact that this 
V6iy town, which was formerly indebted to Styria for the 
Bt«el tified in its manufactures, now exports a material of 
its own conversion to the Austrian forges and other places 
1 the Continent from which it was before accustomed to 
draw its own supplies. 

imong the improved processes invented of late years 
for the manufacture of steel are those of Healh, Mushet, 
and Bessemer. The last promises to effect before long an 
entire revolution in the iron and steel trade. By it the 
cmde metal is converted by one simple process, directly 
as it comes from the blast-furnace. This is effected by 
driving through it, while still in a molten state, sevetal 
streams of atmospheric air, on which the carbon of the 

de iron unites with the oxygen of the atmosphere, the 
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temperaturo is greatly raieed, and a violent ebullii 

takoH placB, during which, if the procesB be continued, d 
part of the carbon which appears to bo mechanically n 
and diffuBed through the crude iron is fiutirely cone 
The metal beoomea thoroughly cleaueed, the Blag is e 
and removed, while the anlphur and other volatile matfl 
are driven off; the result being an ingot of malleable i| 
of the quality of charcoal iron. An important featurafl 
the process i^, that by stopping it at a partioular s 
immediately following the boil, boforo the whole of fl 
carbon has been abstracted by the oxygen, the orude ii 
will be found to have passed into the condition of a 
steel of ordinary quality. By continuing the process, t 
metal losing its carbon, it passes &om hard to soft s 
thence to steely iron, and last of all to very soft iron ; ta ' 
that by inlarrupting the process at any stage, or continuing 
it to the end, almost any quality of iron and steel may be 
obtained. One of the most valuable forms of the metal ie , 
desoribed by Mr. Bessemer as "semi-steel," being in hard- 
ness about midway between ordinary cast^tecl and soft 
malleable iron. The Bessemer processes are now in full 
operation in England as well as abroad, both for converting 
etude into malleable iron, and for producing steol ; and the 
results are expected to prove of the greatest practical utility 
in all oases where iron and steel are extensively employed. 

Yet, like every other invention, this of Mr. BeKsemer 
had long been dreamt of, if not really made. We are in- 
formed in Warner's Tour through the Northern Counties of 
Ei^land. published at Bath in 1801, that a Mr. Reed of 
Whitehaven had auoceeded at that early period in making 
steel direct from the ore ; and Mr, Mushet clearly alludes 
to the process in his " Papers on Iron and Steel." Never 
theless, Mr. Bessemer is entitled to the merit of working 
out the idea, and bringing the process to perfection, by 
his great skill and indomitable perseverance. 

In the Heath process, carburet of manganese is employed 
to aid the conversion of iron into steel, while it also ood 
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ierg on the metal the property of welding aad working 
more soundly under the hammer— a &ct discovered by 
lilr. Heath while residing in India. Mr. Uushet's pioceof 
is of a eimilar character. Anofher inventor, Major Uchatius, 
an Austrian engineer, granulates crude iron while In n 
molten state by pouring it into water, and then Bubjecting 
it to the process of converelon. Some of the manufacturers 
still affect -secrecy in their oja^tions; but as one of the 
Sanderson firm — femons for ■Jd*icellence of their steel — ' 
remaj-kod to a visitor when shewing him over their worku, 
" tlie great secret is to have flie courage to bo hi^it^t — r. 
spirit to purchase the best laaterial, and the means and '. 
disposition to do justice to Jriii the nianufacturo." 

It remains to be added, 'hit much of the success of the 
Sheffield manufiictures is attHhiitable to the practical skill 
of the workmen, who have profited by the accumulated 
oxporience treasured up by their chiss through many gene- 
rationa. The resulfa of tlie innumerable experiraents con 
ducted before their eyes have issued in a moet valuable 
though unwritten code of practice, the details of which 
are known only to themselves. They are also a most 
laborious class ; and Le Play says of them, when alluding 
to the fact of a single workman superintending the opei-a- 
tions of three steel-casting furnaces^"! havo found no- 
where in Europe, except in England, workmen able for an 
entire day, without any interval of rest, to undergo such 
toilsome and exhausting labour as that performed by those 
Sholfiuld workmui." 
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doora were lutod with sand. Tlie fire was urged hy k 
blast admitted imdeitieath, apparently for the purpose of 
keeping up thafcombust.ion of tli^'^.el on the grate. Thna 
Onions' fumaap was of the natmv"V a puddling furnace, the 
fire of which was ui^d by a hlast. The firs was to bo kept 
up until the metal becau.e less fluid, and "thickened into 
a kind of froth, which the workman, by opening tho door, 
must turn and Etir with a bar or other iron instrument, 
and then close tho aperture again, applying the blast and 
fire until there was a ferment in the met.il." The patent 
further descrihes that " as the workman stira the metal," 
the BcoriiB will separate, "and the particles of iron will ad- 
here, which particles the workman must collect or gadier 
info a mass or lump." This mass or lump was then to be 
raised to a white heat, and forged into malleable iron at 
the forgQ-hammer. 

Such was Iho ulage of advance reached in the manufao- 
ture of bar-iron, when Henry (Jort published his patent* 
in 1733 and 1764. In dispensing with a hlast, he bad 
been anticipated by the Craneges, and in the process of 
puddling by Onions ; but he introduced so many im- 
provements of an original character, with which he com- 
bined the inventions of bis predecessors, as to establish 
quite a new era in the history of the iron manufacture, and, 
in the course of a few years, to raise it to the highest state 
of prosperity. As early as 178G, Lord Sheffield recognised 
the great national importance of Cort's improvements in 
tho following words ; — ^" If Mr. Cort's very ingenious and 
meritorioiiB improvements in the art of mating and work- 
ing iron, the steam-engine of fioulton and Watt,, and Lord 
Dundonald's discovery of making coke at half the present 
price, should all succeed, it is not asserting fx)o much to 
Bay that the result will he more advantagec.us to Great 
Jiritain than the poasessLon of the thirteen colonies (of 
America) ; for it will give the complete command of the 
iron trade to this country, with its vast advanl^ea U 
vigatiou." It ia scarcely necossaiy here to point out 
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completely the anidcipationa of Lord tihoiHield tiavo been 
fulfilled, sanguine though, the^ might uppettr to be when 
uttered some seventy-JveiyearH ago.* 

We will eiideavour aienriefly as possible to point out the 
important character of Mr. Cort's improvemonts, as em- 
bodied in his two patents of 1783 and 1784. In the fii'et 
he states tha,t, after " groat study, labour, and expense, in 
trying a variety of experiments, and making luany dis- 
ooTeries, he had. invented and brought to perfection a 
peculiar method and process of preparing, welding, and 
working various aorta of iron, and of reducing the same 
into ueea by machinery : a furnaoe, and other apparatus, 
adapted and applied to the eaid process." He first de- 
scribes his method of making iron for " large uses," such 
as shanks, arms, rings, and palms of anchors, by the method 
of piling and faggoting, since become generally practised, — 
by laying bars of iron of suitable lengths, forged on purpose, 
and tapering so as te he thinner at one end than the other, 
laid over one another in the matmer of btiokg in buildinga, 
BO that the ends should everywhere overlay each other. 
The iaggote so prepared, fo the amount of half a ton more 
or less, were then to be put into a common air or balling 
fomace, and brought to a welding boat, which was ao- 
oomplished by his method in a much shorter time than 
in any hollow fire ; and when the heat was perfect, the 
iaggote were then brought under a forge-hammer of great 



• AIUioQgh the iron mnauractare W. WilkiDsoD, dated Dec. 25, 1T91, 
lud gTBdiiaJlj ixxa iscreoucg aince tiic cnntsincd Id tha memorBadum-biKik at 
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size and weight, and welded into a solid mass. Mr. Ooit 
alleges in tho epeoifioation that iron for " litrgor nsos " thus 
finished, ih in all respecta pOBsessed/of tho highest d^re» 
of perfection; and that the fire.ja the balling furnace ia 
better suited, from its regularity and penetrating qnali^, 
to give the iron a perfect weldii^ heat throughout its 
whole mass, without fusing in any part, than any fire 
blown by a blast. Another process employed by Mr. Cort 
for the purpose of cleansing the iron and producing a metal 
of purer grain, was that of working the fa^ota by passing 
thera through rollers. " By this simple prooeaa," said he, 
" all the earthy particles are pressed out and the iron 
liecomes at once free ^om dross, and what is iiBoally 
called cinder, and is compressed into a fibrous and tou^ 
state." The objection has indeed been taken to the prooeas 
of passing the iron through rollers, that the cinder is 
BO effectually got rid of as by passing it uisier a tilt ham*! 
mer, and that much of it ia squeezed into the bar s 
remains there, interrapting its fibre and impairing ji4 



It does not appear that ttere was any noTelty in the a 
of rollers by Cort ; for in his first speoification he speaks of * 
them aa already well known.* His great merit consisted 
in apprehending tie value of certain processes, as tested by 
his own and others' esperience, and combining and applying 
them in a more effective practical form than had ever b 
done before. This power of apprehending the best methoc 
and embodying the details in one complete whole, marka 
the practical, clear-sighted man, and in certain < 
amoimta almost to a genius. The merit of combining t 



* " It is mstaniil to observe," ajs 
Ml'. Webster, " that Cort, ia Itia 
specificaUoD, BpeahK of the rollers, fui^ 
mices, and sepoTAte proceraefl, as well 
known. Tfaere is no claim to any of 
thnD seporatelj ; the clnlm is to the 
redudug of tlie ftggols of pileil iron 



' into bars, aid tho welding of « . . 
tars bv rollers instead of bj fiirga- 
hunmerB,"— Memoir of Henry Cort, 
in ^sc^aniVi MajatinB, 15 Jaij, 
1859. by Thomai Webetn, " ' 



inTentionB of others in euch farms as that they shall work 
to advantage, ia as great in its way aa that of the man 
who strikea out the inventions themselves, but who, for 
want of :act and esperienoe, cannot carry them into prac- 
tical effect. 

It iwas the same with Cort's second patent, in which he 
descrihed his method of manufactaring faar-iron from the 
ore or from cast-iron. All the several processes therein 
described had been practised before hia time; his merit 
cliiefly oonsisting in the skilful manner io wbith ho com- 
bined and applied tbem. Thus, liie the Craiieges, he em- 
ployed the reverboratory or air furnace, without blast, and, 
tike Onions, he worked the fused metal with iron bars 
QDtil it was bronght into lumps, when it was removed and 
forged into malleable iron. Cort, however, carried the 
process further, and made it more effectual in all respects. 
Hia method may be thus briefly described : the bottom of 
the reverberatory furnace was hollow, so as to contain the 
fluid metal, introduced into it by ladles ; the heat being 
lept up by pit-coal or other fuel. When the furnace waa 
elutrged, the doors were closed until ths metal was gu£B- 
ciently flised, when the workman opened an aperture and 
■worked or atined about the metal with iron bars, when an 
ebullition took place, during tho continuance of which a 
blnish. Same was emitted, the carbon of the caat'iron was 
humed off, the metal sepai'ated fiom the slag, and the iron, 
becoming reduced to natore, was then collected into 
lumps or loops of sizes suited to their intended nscs, when 
they were drawn out of the doors of the furnace, they 
were then stamped into plates, and piled or worked in an 
air furnace, heated to a white or welding beat, shingled 
under a forge hammer, and passed through the grooved 
rollers after tho method described in the first patent. 

The processes described by Cort in his two patents have 
been followed by iron manufacturers, with various modifl- 
eations, the results of enlarged experience, down to the pre- 
■ent time. After the lapt?e of seventy-eight years, the lan^ 
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guage employed by Cort oontinnes on the whole n (aitbfnl 
deecription of the proccsGee etill practised : the aame 
methods of manufnctnriDg bar ft'om cost-inm, and of pud- 
dling, piling, welding, and working the bar-iron thrcmglt 
grooved rollers — all are nearly identical with the methuds 
of manufacturu perfected by Henry Cort in 178i. It maj 
be mentioned that the development of the powers of tlic 
steam-engine by ^^'att had an extraordinaiy effect upon thn 
production of iron. It created a. largely increased demand 
for the article for the purposes of the shafting and machinety 
which it was employed to drive ; while at the same time it 
cleared pits of water which before were unworkable, and 
hy being exteosivelj' applied to the blowing of iron-fnmaoos 
and the working of the rolling-mills, it tbns gave a still 
further impetus to the manufacture of the metal. It 
be beside onr pnrpoiie to enter into any statistical detail 
the subject ; but it will be snfGcient to state that the 
duction of iron, which in the early part of last _ 

amounted to tittle more than 1 2,000 tons, about the middle 
of the century to about 18,000 tons, and at the time of 
Cort's inventione to about 90,000 tons, was found, in 1820, 
to ha^'o increased to 400.000 tons ; and now the total qnan- 
lit)' produced is upwards of four millions of tons of pig- 
iron every year, or more than the entire production of all 
other Euroiiean countries. There is little reason to doubt 
that this csimordinary development of the iron maniifacturo 
has beon in a great meo^inre dne to the inventions of Henry 
('«rt. It is Baid that at the present time there are not 
fewer than 8200 of Cort'a fiimacea in operation in Great 
Dritkin aloD&* 

I'tiiotJoal man hiivc regarded Cort's improvement of the 
proowi of nittiuf; the irou as the most valuable of his in- 
wnUoua A ooroputont authority has spoken of Cort's 
KTOOViid rolloni m of *' high philosophical interest, being 
MMlwlji' IfM than the dtsoovery of a new mechanical 
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power, in reversing the twtion uf the wodge, l>y tlie appli- 
cation of force to four Burfaoes, so aa to elongate a maaa, 
ioBtead uf applying forae to a mass to divide tLc four suT' 
&ceB." Ono of the best authorities in the iron trade of 
last ceutwry, Mr. Alexander Raby of Llanelly, like many 
others, was at first entirely Bcoptical as to the value of 
Oort'e invention ; but he had no sooner witnessed the pro- 
cess than with manly candour ho avowed his entire con- 
version to his views. 

We now return to the history of the chief author of thio 
great branch of national industry. As might naturally be 
expected, the principal ironmastera, when they heard of 
Cort'a success, and the rapidity and economy with which 
he manufactured and forged bar-iron, visited his foundry 
fcir the purpose of examining hia process, and, if found expe- 
dient, of employing it at their own works. Among the 
first to try it were Richard Crawshay of Cyfartha, Samuel 
Homfroy of Penydarran (both in South Wales), and William 
Beynoldfi of Coalbrooidale. Richard Crawshay was then 
(in 1787) forging only ten tons of bar-iron weeily under 
the hammer ; and when he saw the superior processes in- 
vented by Cort he readily entered into a contract with him 
to work under his patents at ten shillings a ton royalty. 
In 1612 a letter from Mr. Crawshay to the Secretary of 
Lord Sheffield was read to the House of Commons, descrip- 
tivo of hia method of working iron, in irhich he said, " I 
took it from a Mr. Cort, who had a little mill at Fontley in 
Hampshire ; I have thus acquainted you wilh my method, 
hy which I am now making more than ten thousand tons of 
bar-iron per annum." Samuel Homfray was equally prompt 
in adopting the new process. He not only obtained from 
Cort plans of the puddling-famaces and patterns of the 
rolls, but borrowed Cort'a workmen to instruct his own in 
the necessary operations : and he soon found the method eo 
superior to that invented by Onions that ho entirely con- 
fined himself to manufacturing al^er Covt's patont. ^Vo 
also find Mr. lleynolda inviting Cort to conduct a trial of 
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his process at Kotk-y. tbinigb it does not appear that it 
aduptoil by the fiiiu at that time.* 

The quality of the iron manuiactnred by the new pi 
was found satisfectoiy ; and the Admiralty having, by 
persons appointed by them to test it in 1787, pronounced 
to be superior to the beat Oregrounda iron, the use of tha 
latter 'Was thenceforward discontinued, and Cart's iron only 
was directed to be used for the anchors and other ironwork 
in the ships of the Royal Navy. The merits of the 
seem to have been generally conceded, and 
tracta for licences were entered into with Cort and 
partner by the manufacturers of bar-iron tLroughont 
country.']- Cort himself made arrangements for cajrying 
on the manufacture on a large scale, and with that object 
entered upon the possoEsion of a wharf at Gosport, belong 
ing to Adam Jellicoe, his partner's fotJier, where he 
ceeded in obtaining considerable Government orders 
iron made after his patents. To all ordinaty eyes the 
ventor now appeared to be on the high road to forti 
there was a fatal canker at the root of this seeming pi 
perity, and in a few years the febric which he had 
laboriously raised crumbled into ruins. 

On the death of Adam Jellicoe, the father of Corf 8 
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IBT, in August-, 1789," defalcations were diacovured in his 
poblio accountH to the extent of 39,676i., and his hooka and 
papers were inimediately taken poBBossion of by the Govern- 

gtent. On examination it was found that the dobta due to 
fiUicoe amounted to 89,6572., inoluded in which was a 
mm of not less than 54,853'. owing to him by the Oort part- 
nership. In the public investigation which afterwards took 
j^lace, it appeared that the capital posseBsed by Cort being 
hsofBcient to enable him to pursue his experiments, 
■rhich were of a very expensive character, Adam Jelliooe 
tttd advanced money from time to time for the purpoao, 
Mouriiig himself by a deed of agreement entitling bira to 
BBe-balf the stock and profits of all his contracts ; and in 
farther consideration of the capital advanced by Jellicoo 
beyond his equal share, Cort subsequently assigned to him 
ill hia patent rights as collateral secmity. As Jellicoe 
^nd the reputation of being a rich man, Cort had not the 
dightest suspicion of the source from which ho obtained 
Hie advances made by him to the firm, nor has any oon- 
Rivance whatever on the part of Cort been suggested. At 
Bie same time it must be admitted that the connexion was not 
free from Buspicion, and, to say the least, it was a singularly 
nfortonate one. It was found that among the moneys 
Idyanced by Jellicoo to (^orfc there was a sum of 2.7,S0Ol. 
intrusted to him for the payment of seamen's and officers' 
iragra. How his embarrassments had tempted him to make 
Bn of the public funds for the purpose of carrying on his 
jiecnlations, appears from his own admiBsione. In a momo- 
hndum dated the 11th November, 1782, found in his strong 
after his death, he sot forth that ho had always had 
it more than his proper balance in band, until his en- 
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bs cocfiraied by Itia nci-iiuiiis in the 
newipapeta of tliaday. He di«l nt hit 
privute dwelllDE-hoaEC, No. 14, High- 
bury Place, ialinglon, on the 30th 
August, 1789. sftir s forfniEht t ill- 



I, ubout two years before, witli Mr. Ocrt, " which 
hy degrees ha^a bo reduoed me, and employed t>ci much more 
of my money than I expected, that I have been obliged to 
tnm moBt of my Navy bills into cash, and at the same time, 
to my great concern, am very deficient in my balance. This 
gives me great nueaeiness, nor shall I lii-o or die in peace 
till the whole k restored." Ho had, howeyer, made Uie 
first faiso step, after which the downhill career of dis- 
honesty is rapid. His desperate attempts to eet himself 
right only involved him the deeper ; his conscions breach 
of trust caused him a degree of daily torment which ho 
oould not bear ; and the discovery of his defalcations, which 
waB made only a few days before bis death, doubtless 
hastened his end. 

Tho Govemment acted with promptitude, as they were 
bound to do in such a case. The body of Jellicoe was 
worth iiotliing to them, but they oould secure the property 
in wiiich ho had fraudulently invested the public moneys 
intrusted to him. With this object the then Paymaster of 
the Navy proceeded to make an afBdavit in the Exchequer 
that Henry Cort was indebted to His Majesty in the sum 
of 27,600/. and upwards, in respect of moneys belonging to 
the public treasury, whicb " Adam .Tellicoe bad at different 
times lent and advanced to the said Henry Cort, from whom 
the same now remains justly due and owing ; and the de- 
ponent aaith he verily believes that the said Henry Cort is 
lauoh decayed in his credit and in very embaiTassed cir- 
oumatances ; and therefore the deponent verily believes 
that the aforoHaid debt so due and owing to His Majesty is 
in great dimger of being lost if some more speedy means 
bo not taken for the recovery than by the ordinary process 
of the Court." Extraordinary measures wore therefore 
adopted. The assignments of Gort's patents, which had been 
made to Jellicoe in consideration of his advances, wero 
Inken possession of; but Samuel Jellicoe, the son of the 
defaulter, singular to say, was put in possession of tbe pixN 
perticB nt Fontley and Gosport, and oontintied to cnjoj 



ESriRT OP TffiE PATENTS. 

em, tj Cort's exGluBioa, for a period of fourteen years. 
does not however appear that any patent right was ever 
medbythoaBsigneeB, and the result of the proceeding was 
bkt the whole benefit of Cort'a inventiona was thus made 
ir to the ironmasters and to the public. Had the estate 
in properly handled, and the patent rights due under the 
tontracts made by the ironmasters with Cort bees duly 
fevied, there is little resison to doubt that the ■whole of the 
flebt owing to the" Government would have been paid in 
F a few years. " When we consider," says Mr. 
Webator, " how very simple was the process of demanding 
bf the contracting ironmasters the patent duos (which for 
)yearl789amounted tol5,000i., inl790 to 15,000i., and 
1791 to 25,000i.), and which demand might have been 
inforced by the same legal process used to ruin the in- 
ventor, it is not difficult to surmise the motive for abstain- 
tog." The case, however, was not so simple as Mr, Webster 
for there was such a contingency as that of the 
tonmastera combining to dispute the patent right, and 
"~ ' every reason to believe that they were prepared to 
idopt that course.* 
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Although tlio Cort patenta expired in 1796 and 1799 
raBpectivoly, they continaed the subject of public diacns- 
flion for eome time after, moro particularlj-'in connection 
with the defalcations of tiie deceased Adam Jellicoe. It 
does not appear that more than 26MI. was realised bj the 
Government from the Cort estate towards the lose suBtained 
hy the public, as a balance of 24,846/. was HtiU found Btand- 
ing to the debit of Jeliicoo in 1800, when the deficiencies 
ia the naval accounts became matter of public inqniiy. 
A few yeai-s later, in 1805, the subject was again revived 
in a remarkable manner. In that year, the Whigs, per- 
ceiving the bodily decay of Mr. Pitt, and being too eager 
to wait for hia removal by death, began their famous series 
of attacks upon his administration. Fearing to tackle the 
popular statesman himself, they inverted the ordinary 
tactics of an opposition, and fell foul of Dundaa, Lord 
Melville, then Treasurer of the Navy, who had snccesS' 
fully carried the country through the great naval war 
with revolutionary France. They scrupled not to tax him 
with gross peculation, and exhibited articlee of impeach- 
ment against him, which became the subject of elaborate 
investigation, the result of which ia matter of history. In 
those articles, a.o reference whatever was made to Lord 
Melville's supposed complicity with Jeliicoo ; nor, on the 
trial that followed, was any reference made (o the deMca- 
tiona of that official. But when Mr. Whitbread, on the 
8th of April, 1806, spoke to the " Hesolutions " in the 
Commons for impeaching the Treasurer of the Navy, ho 
thought properto intimato that ho "had a strong auBpicion 
that Jelliooe was in the same partnership with Mark Sprott, 
Alexander Trotter, and Lord Melville. He had been 
Buffered to remain a public debtor for a whole year after 
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be \ras known to be in arrears upwards of 24,000/. During 
next year 11,000!. more had acciiied. it would not have 
lieea fair to have turned too short od au old companion. 
It vrould perhaps, too, have been dangerous, eince un- 
.feasant discoTorieB might have met the publio eye. It 
looked very much as if, mutually conaoiouB of criminality, 
ihey had agreed to be eilent, and keep their own secrete." 
In mating these offensive observafions Wliitbi'ead was 
aanifeetly actuated by jwlitiflal enmity. They were 
Wterly unwarrantable. In the first place, Heivillo had 
1 formally acquitted of Jellicoe'e deficiency by a writ 
■«f Privy Seal, dated 31st May, 1800; and Kecondly, the 
(tommittee appointed in that very year (1805) to reinvesti- 
gate the naval accounts, had again exonerated him, but 
Uitimated that they were of opinion there was remissness 
on bis part in allowing Jellicoe to remain in his ofSce after 
*lliB discovery of his dei'alcationa. 

Tn the report made by the commissioners to the Houses 
of Parliament in 1805,* the -value of Cort'a patents was 
Astimated at only 100/. Keferring to the schedule of 
Jelliooe's alleged assets, they say " Many of the debts are 
marked as bad ; and wo apprehend that the debt from Mr, 
Henry Cort, not so marked, of 64,000/. and upwards, is of 
that description." As for poor bankrupt Henry Cort, these 
UBsions availed nothing. On the death of Jellicoe, he 
left his iron works, feeling himself a ruined man. He 
made many appeals to the Government of the day for re- 
itoisl of hie patents, and offered to find seonrity for pay 
ment of the debt due by his flrm to the Crown, but in vain. 
In 1794, an appeal was made to Mr. Pitt by a number of 
influential members of Parliament, on behalf of the inventor 
and his destitute family of twelve children, when a pension 
f 200/. a-year was granted him. This Mr. Cort enjoyed 
mtil the year !800, when he died, broken in health and 
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ti]iii'i;, iu his sixtieth year. He was buried in Hampi^tead 
Ghurchyard, where a atone marking the AaXe of his deatl: 
is still to be seeu. A few years since it was illegible, but 
it has recently been restored by his snrviving son. 

Though Cort thus died in comparative poverty, Le laid 
the foncdationa of many gigantic fortunes. lie may be 
eaid to have been iu a great measure the author of our 
modem iron aristocracy, who still manufacture after tho 
pi-Qoesaea which he invented or perfected, but for which 
they never paid him a shilling of roj-alty. These men of 
gigantic fortunes have owed much — wo might almoat say 
everything — to tho ruined projector of " the little mill at 
Fontley," Their wealth has enriched many families of the 
older aristocracy, and has beeu the foundation of several 
modem peer^ea. Yet Henry Cort, the rock from which 
they were hewn, is already all but forgotten ; and his sur- 
viving children, now agod and infirm, are dependent for 
their support upon the slender i)ittanco wrung by repeated 
enti'eaty and expostulation from tho state. 

The career of Hichard Crawshay, the first of the great 
ironmasters who had the sense to appreciate and adopt the 
methods of manufacturing iron invented by Henry Cort, ia 
ft not unfitting commentary on tlie sad history we have 
thus briefly described. It shows how, as respects mere 
money-making, shrewdness is more potent than invention, 
and business faculty than manufacturing skill. Bicbard 
Grawshay was burn at Nonnanton near Leeds, the son of 
a small Yorkshire farmer. When a youth, he worked on 
hia father's farm, and looked forward to occupying the same 
condition in life; but a difference with his father unsettled 
his mind, and at the ago of fifteen he determined to leave 
his home, and seek his fortune elsewhere. Like most un- 
settled and enterprising lads, he first mado for Iiondon, 
riding to town on a pony of his own, which, with the 
clothes on bis back, formed his entire fortune. It took 
him afiirtiiight to make the journey, in oousequenoe of tlw 
badness of the roads. Arrived in London, be Bold hit 
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pony for fifteen poirnds, and tlie money kept him nntil he 
Boooeeded in finding employment. He wna no fortunate bb 
to be fafeen upon trial by a Mr. Bicklawith, who kept on 
ironmonger's ehop ia York Yard, Upper Thames Street; 
lad his first duty there was to clean out tho ofEce, put the 
stools and desks in order for the other clerks, ma errands, 
and act as porter when occasion required. Young Craw- 
shay was very attentive, industrious, and shrewd ; and bo- 
came known in the office as " Tho Yorkshire Boy." Chiefly 
because of his " cnteness," bis master appointed him to the 
department of selling flat irons. The London washer- 
■women of that day were very shar]) and not very honest, and 
it need to be said of them that where they bought ono flat 
iron they generally contrived to steal two. Mr. Bicklewith 
"thought he could not do bettor than set tha Yorkshireman 
to watch the washerwomen, and, by way of inducement 
to h'Tui to be vigilant, he gave young Crawshay an interest 
in that branch of the business, which ■waa hood found to 
prosper under his chai^. After a few more years, Mr. 
Bicklewith retired, and left to Crawshay the cast-iroa 
bnsineBS in York Yard. This he still further increased. 
There was not at that time much enterprise in the iron trade, 
but Crawshay endeavoured to connect himself with what 
there was of it. The price of iron was then very high, and 
the best Boris were still imported from abroad ; a good deal 
of the foreign iron and steel being Btill landed at the Steel- 
yard on the Thames, in the immediate neighbourhood of 
Crawsliay'e ironmongery store. 

It seems to have occurred to somo London capitalists 
that money was then to be made in the iron trade, and 
that South Wales waa a good field for an esperiment. The 
loil there waa known to be full of coal and ironstone, and 
several small iron works had for some lime been carried 
on, which were supposed to be doing well. Merthyr 
Tydvil was one of the places at which operations had been 
b^un, but the place being situatod in a hill district, of 
difficult aocess, and the manufacture being still in a very 
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imperfect state, the progreaa made waa for some time Tcry 
■low. Land ooiitaining coal and iron was deemed of very 
little -value, aa may be inferred from the fact tbat in tha 
year 1765, Mr, Anthony Bacon, a man of much foresight, 
took a lease from Lord Talbot, for 99 years, of the minerals 
under forty square miles of country surrounding the then 
insignificant hamlet of Merthyr Tydvil, at the trifiiag 
rental of 2001. a-year. There he erected iron works, and 
supplied the Government with considerable quantities of 
oatmon and iron for difTemnt purposes; and having earned 
a competency, ho retired from business in 1783, subletting 
his mineral tract in four divisions — the Dowlais, the Feny- 
darran, the Cyfartba, and the Plymouth Works, north, east, 
west, and south, of Merthyr Tydvil. 

Mr. Richard Crawshay became the lessee of what Mr. 
Mushet has called " the Cyfartha flitch of the great 
domain." There he proceeded to carry on the wco'] 
established by Mr. Bacon with increased spirit; bis 
William, whom he left in charge of the ironmongoiy store' 
in London, supplying him with capital to put into the 
iron works as fast as he could earn it by the retail trade. 
In 1787, we find Eichard Crawshay miantifacturing with 
difficulty ten tons of bar-iion weekly, and it was of a very 
inferior character," — the means not having yet been devised 
at Cyfartba for malleabieiaing the pit-coal caat-iron with 
economy or good effect. Vet Crawshay found 
market for all the iron lie could make, and he is said 
have coantcd the gains of the foi^e-hammer close by 
house at the rate of a penny a stroke. In course of timd 
he found it necessary to erect new furnaces, and, having 
adopted the processes invented by Henry Cort, be was 

' Mr. MushW Hij« of the early 
numufcture nf Iron it Merthjr Tydvil i 
tbiit " A madificBtion of Uie charcoal t 
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I ASereby enabled greatly to inoi-ease the prodnotion of 
1 Kb foi^es, until in 1812 we find Lim stating to a com- 
I Kiittee of the Honse of Commona that he waa making 
I ^n Uioneand tona of bar-iron yearly, or an average produce 
T/of two h'indred tone a week. But this quantity, great 
I though it was, has eiace been largely increEised, the total 
I produce of the Crawehayfnmacea of Cyfartha,YnyBfach, and 
] Kiiwan, being upwards of 60,000 tons of bar-iron yearly. 

The distance of Merihyr &om Cardiff, the nearest port 

j l)eing considerable, and the cost of carriage being very 

I great by reason of the badness of the roads, Mr, Crawubay 

I Bet himnelf to overcome this great impediment to the pro- 

[ epetity of the Mertbyr Tydvil district ; and. in conjunotion 

t with Mr, Homfray of the Penydarran Works, he planned 

md constructed the canal • to Cardiff, tho opening of 

'which, in 1795, gave an immeneo impetus to the iron trade 

of the neighbourhood. Numerous other extensive iron 

^vorks beoame established there, until Mertbyr Tydvil 

attained the reputation of being at once the richest and 

tho dirtiest district in all Britain. Mr. Crawshay beoame 

known in the west of England as the " Iron King," and 

was quoted as the highest authority in all questions le- 

lating to the trade. Mr. George Crawshay, recently de- 

eoribing the founder of the family at a social meeting at 

Kewcastle, said, — " In these days a name like ours is lost 

in the infinity of great manufacturing firms which exist 

throughout the land; but in those early times the man 

who opened out the iron district of Wales stood upon an 

eminence seen by aU the world. It is preserved in the 

traditions of tho family that when tho ' Iron King ' used 

to drive from homo in bis coacb-and-four into Wales, all 

the country turned out to see him, and quite a commotion 

I* It msr be worthj of note tbat J the fiimncn la the Old Fot^e. The 
ttm fint locaUKitiTe rutmpaD arailroiul I (engine vtjs tukeii ofTtho rond beraQH 
*u tliot construLlftI by T ' ' ' .■ . . 

ftr Mr. Homfray in 1803, i 
fBiplDjed M briiig down nn 
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took place when lio paBsed through Bristol on his way to 
the worka. My great grandfather was succeeded by his 
eon, and by his grandson. ; the Crawshays have followed 
one another for four generations in the iron trade in Wales, 
and there they still stand at the head of the trade." The occa- 
sion on which these words were uttered was at a Christniaa 
party, given to the men, about 1300 in number, employed 
at the iron works of Measrs. Hawka, Crawshay, and Co., at 
Newcastle-upon-Tyne. These works were founded in 1754 
by William Hawks, a blacksmith, whose principal trade 
consiflted in making claw-hammerB for joiners. He became 
a thriving man, and eventnally a large manufactiirer of 
bar-iron. Partners joined him, and in the course of the 
cbangea wrought by time, one of the CrawahayB, in 1842, 
became a principal partner in the firm. 

Illustrations of a like kind might be multiplied to any 
extent, showing the growth in our own time of an iron 
aristocracy of great wealth and influence, the result mainly 
of the successfnl working of the inventions of the un- 
fortunate and unrequited Henry Cort. He has been the 
very Tubal Cain of England — one of the principal founders 
of our iron age. To him we mainly owe the abundance of 
wrought-iron for machinery, for steam-engines, and for 
railways, at one-third the price we were before accustomed 
to pay to the foreigner. Wa have by his inventions, not 
only ceased to be dependent upon other nations for our 
supply of iron for tools, implements, and anna, but we 
have become the gToatost exporters of iron, producing 
more than all other European countiies combined. In the 
opinion of Mr. Fairbuim of Manchester, the inventions of 
Henry Cort have already added six hundred millions 
sterling to the wealth of tho kingdom, while they bare 
given employment to some sis hundi'ed thousand working 
people during three generations. And while the great 
ironmasters, by freely availing themselves of his inventionH, 
have been adding estate to estate, the only estate secured^ 
by Henry Cort was the little domain of six feet by two il 
which ho lies intoiTcd in Uajnpstead Churchyard. 
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Thi Sootoh Ibok MAinjrA(TniBE — Db. Eoibuoe — 
David Mithiikt. 



" Were pubLo beDefflttara to be allowed to pus nway, like hewers of 
(Food mid dnwen of water, witbout cammemoistiou, gniiiu and enler- 
nrise would be drorived of their moat covBted distindion," — Sir Saaru 

Tke acoonnt giyen of Dr. Eoebuck in a Cyclopedia of Bio- 
^phy, reoeutly published in Glasgow, runs as follows : — 
"Boebuck, John, a physician and experimental cLemit;t, 
bom at Sheffield, 1718 ; died, aflier ruiuiog himself by hia 
projects, 1794," Such is the shoii; ebrift which the man 
iticeives who fuilfl. Had Dr. Koefauck wholly succeeded in 
hU projects, be would probably have been esteemed as 
among the greatest of Hcotland'a benefactors. Yet hia life 
was not altogether a failure, aa we think will sufBciently 
appear from the following brief account of his labours : — 

At the beginning of last century, John Roebuck's father 
carried on the manufaoture of cutlery at Sheffield," in the 
course of which he realized a competency. lie intended his 
Bon to follow his own business, but the youth was irresistibly 
attracted to scientific pursuits, in which hia father liberally 
encouraged him ; and he was placed first under the care of 
Dr. Doddridge, at Korthampton, and afterwards at the 
University of Edinburgh, where he applied himself to the 
Btudy of medicine, and especially of chemistry, which was 
then attracting considerable attention at the principal seats 
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of learning in Scotland. WMIq residing at Edinbnr^ 

young Eoebuck contracted, many intimate friendebipa witli 
men who afterwards became emineot in literature, such aa 
Unme and Bobertson the hiHtoriane, and the circnmstance 
is Bupposed to have contribated not a little to bis partiality 
in iavour of Scotland, and bis afterwards selecting it as the 
field for his indnstrial operations. 

After graduating as a physician at Leyden, Eoetuok re- 
turned to England, and settled at Birmingham in the year 
1745 for the purpose of practifiing his profession. Bir- 
mingham viaa then a principal seat of the metal mann&c- 
ture, and its mechanics were reputed to be among the most 
akilled in Britain. Dr. Roebuck's attention waa early 
drawn to tlie scarcity and deamess of the material in which 
the mechanics worked, and be sought by experiment to 
devise some method of ameUing ii'on otherwise than by 
'noans of charcoal. He had a laboratory fitted up in his 
louse for the purpose of prosecuting his inquiries, and 
there he spent every minnte that be could spare from his 
professional labours. It was thus that he invented the 
process of smelting iron by means of pit-coal which he 
afterward^ embodied in the patent hereafter to be referred 
to. At the same time he invented new methods of refining 
gold and silver, and of employing them in the arts, which 
proved of great practical value to the Birmingham trades- 
men, who mads extensive uso of them in their varioua 
processes of manufacture. 

Dr. Eoebuok's inquiries had an almost exclusively 
practical direction, and in pursuing them his main 
object waa to render thom subservient to the improve- 
ment of the industrial arts. Thus he sought to devine 
more economical methods of producing the varioua che- 
micals used in the Birmingham trade, such as ammonia, 
sublimate, and several of the acids ; and his success was 
such aa to induce him to erect a large laboratory for their, 
manufacture, which was conducted with complete suoe 
by his friend Mr. Garbett. Among Ms inventions of tt 
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Qharacter, was the modem proccG« of mauufaoturing vitri- 
olio acid in leaden vessels in laT^o quantities, instead of in 
glass Tesaela in email quantities as formerly practised. 
His saccess led him to consider the project of establishiDg 
a monafootorj for the parpoae of prodncing oil of Titriol 
on a large scale ; and, having given up his practice as a 
physician, he resolved, with his partner Mr. Garbett^ to 
establitdi the proposed works in the neigbbonrhood of 
^Edinburgh. He removed to Scotland with that object, and 
liegan the manufactnre of vitriol at Frestonpana in the 
year 1749. The enterprise proved eminently lucrative, 
and, encouraged by his success, Boebuck proceeded to 
strike out now branches of manufacture. He started a 
pottery for making white and brown ware, which even- 
tnally became established, and the manufacture exists in 
the same neighbourhood to this day. 

The next enterprise in which he became engaged was 
one of still greater importance, though it proved eminently 
unfortunate in its lesults as concerned himself. While 
living at Prestonpans, he made the friendship of Mr. 
^Villiam CadeU, of Cockenzie, a gentleman who had for 
some time been earnestly intent on developing the industry 
of Scotland, then in a very backward condition. Mr. Cadell 
had tried, without success, to establish a manufactory of 
iron ; and, though he had heretofore failed, he hoped that 
with the aid of Dr. Boebuck he might yet succeed. The 
Doctor listened to his suggestions with interest, and em- 
braced the proposed enterprise with aeal. He immediately 
proceeded to ot^niae a company, in which he was joined 
by a number of his friends and relatives. Hi a nest step 
was to select a site for the intended works, and make the 
necessary arrangements for beginning the manufacture of 
iron. After carefully ejcamLning the country on botb sides 
of the Forth, he at length made choice of a site on the banks 
of the river Carron, in Stirlingshire, where there was an 
abundant supply of water, and an inexhaustible supply of 
iron, coal, and limestone in the immediate neighbourhood, 
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tmd there Dr. Boebuck planted the titst ironworks in 
Scotland. 

In order to cany them on with the best chances of gqc- 
oeas, he brought a large nnmber of skilled workmen £rom 
England, who formed & nnoleuB of indostty at Carron, 
where their example and improved methods of working 
served to train the native labourers in their art. At a 
Bnbsequent period, Mr. Gadell, of Carronpark, also brought 
a number of skilled English nail -makers into Scotland, and 
settled them in the village of Camelon, where, by teaching 
othent, the business has become handed down to the present 
day. 

The first furnace was blown at Carron on tbe first day of 
January, 1760; and in the course ofthe same year the Carron 
Iron Works turned out 1500 tons of iron, then the whole 
annual pi-oduoe of Scotland. Other furnaces were shortly 
after erected on improved plans, and the production stea- 
dily increased. Dr. Eoebuck was indeiatigable irj his en- 
deavours to improve the manufacture, and he waa one of 
the first, as we have said, to revive the use of pit-coal in 
refining the ore, aa appears &om bis patent of 1762. He 
tliere describes his new process as follows : — -" I melt pig or 
any kind of cast-iron in a hearth heated with pit-coal by the 
blast of bellows, and work the metal until it is reduced to 
nature, which I take out of the fire and separate to pieces; 
then I take the metal thus reduced to nature and expose 
it to the action of a hollow pit-coal fire, heated by the blast 
of bellows, until it is reduced to a loop, which I draw 
out under a common forge hammer into bar-iron," This 
method of manufacture was followed with success, though 
for some time, as indeed to this day, the principal pro- 
duction of the Carron Works was castings, for which the 
peculiar quality of the Scotch iron admiraUy adapts it. 
The well-known Carronades,* or " Smashers," as they were 

* IV cnrroDode was iaTcntel br I who propo»<) It far diKburpag 68 lb, 
Graeral Robert Melrille [Mr. Naamyth shot with low charps of powder, ii 
aj' it wu hj Miller of D^ltwinlon], | order to prolDK the iucreued KpliDte^ 



F*ip. vra. 



KIIWEIL Hot BE. 



Umcd, vtii-6 cfkst is laige uumbere at tJie Carron Worka. 
To increaao the power of hie blowing apparatus, Dr. Boe- 
tiQck called to his aid the celebrated Mr. Smeaton, the 
eng^eer, who contrived and erected for him at Carron the 
lOOfit perfect apparatus of the kind then ia OKistence. It 
BUkj also be added, that out of the Carron enterprise, in a 
reat measure, eprang the Forth and Clyde Canal, the first 
hrtificial navigation in Scotland. The Carron Company, 
I'^fith a view to Becnring an improved communication with 
Crlaagow, themselves surveyed a line, which was only given 
"Wp in consequence of the determined opposition of tlio 
^landowners ; but the project was again revived through 
their meauB, and waa eventually carried out after the de- 
signs of Smeaton and Brindley. 

While the Carron foundry waa pursuing a career of safe 
prosperity. Dr. Hoebuck'e enterprise led him to embark in 
coal-mining, with the object of securing an improved 
supply of fuel for the iron works. He became the lessee of 
the Duke of Eamiltoa'a eitennive coal-mines at Borough- 
BtoneSB, as well as of the salt-pans whioh were conuecteil with 
them. The mansionofSinneil went with the lease, and there 
Dr. Boehuok and his family took up their abode. Kiimeil 
Eonse was formerly a eountty seat of the Dukes of Haniil ton, 
and is to this day a stately old mansion, reminding one of a 
French chSteau. Its situation is of remarkable beauty, 
its 'windows overlooking the broad expanse of the Firth of 
Forth, and commanding an extensive view of the country 
along its northern shores. The place has become in a 
re classical, Kinneil House having been inhabited, 
aitice Dr. Koebuok'u time, by Dugald Stewart, who there 
wrote his Philosophical Assays,* 
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When Br. Uoebuck began to einfc for coal at the new 
minea, he found it neeesBary to erect pnmping-machioaiy 
of the most powerfnl hind that conld be contrived, in order 
ft keep the mines clear of 'water. For this purpose l}ia 
Nowcomcn engine, in its then state, was found insnfOcieuf ; 
and when Dr. Itoebuch's friend, Profeasor Black, of Edin- 
burgl), informed him of a young man of his acqnaintanoe, 
a mathematical instrument maker at Glasgow, having in 
vented a steam-engine calculated to work with increfteeil 
power, spaed, and economy, compared with Newcoraen's, 
Ilr. Roebuck waa much interested, and shortly after entered 
into B eorrespoadence with James Watt, the mathematical 
instrument maker aforesaid, on the subject, The Docl«r 
urged that Watt, who, up to that time, bad confined himwll 
to models, should come over to Einneil House, and proceed 
to erect a working engine in one of the outbuildings. The 
English workmen whom he had brought to the Carron 
works would, he justly thought, give Watt a better chance 
of success with his engine than if made by the clumsy 
whitesmiths and blacksmiths of Glasgow, quite unaccus- 
tomed as they were to first-class work ; and he proposed 
himself to cast the cylinders at Carron previous to Watt's 
intended visit to him at Kinneil. 

Watt paid hia promised visit in May, 1768, and Roebuck 
was by this time so much interested in the invention, that 
the Bubjeot of hie becoming a partner with Watt, with the 



■ Tiiit thue while in ScotUod dadj- 
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'flbjeot of introdncing the engine into general use, wag 
Sarionsly disooased. Watt had been labouring wt his in- 
rvention for several years, contending with many difficultiea, 
Ibnt eapecially with the main difGcnlty of limited means. 
He had borrowed confiiderabla Bums of money from Dr. 
Black to enable him to prosecute his esperimentfi, and he 
felt the debt to hang like a milb^tuno round his neck. Watt 
sickly, fragile man, and a constant sufferer from 
Tiolent headaches; besides he w^s by nature timid, de- 
^wnding, painfully anxious, and easily ca.at down by 
&ilure. Indeed, he was more than once on the point ol 
abandoning bis inTention in despair. On the other hand, 
Dt, Roebuck was a<!oustoinod to great enferprisos, a bold 
and undaunted man, and disregardful of expense where ha 
before him a reasonable prospect of success. His re- 
pntation as a practical chemist and philosopher, and his 
the founder of the Prestoupana Chemical \Vorks 
and of the Carroa Iron Works, justified the friends of Watt 

thinking that he was of ail men the best calculated to 
help him at this juncture, and hence they sought to bring 
about a more intimate connection between the two. ITie 
xesult was that Dr. lioebuck eventually became a partner 
to the extent of two-thirds of the invention, took upon 
him the debt owing by Watt to Dr. Black amounting to 
about 1200^., and undertook to find the requisite money 
to protect the invention by means of a patent. The neces- 
sary steps were taken accordingly, and the patent right 
was secured by the beginning of 17(39, though the per- 
fecting of his model coat Watt much further anxiety and 
study. 

It was necessary for Watt occasionally to reside with 
Or, Eoebuck at Kinneil House while erecting his first 
jre. It had been originally intended to erect it 

the neighbouring town of Boroughstoness, bnt as there 
l^iight bo prying eyes there, and Watt wished to do hia 
rk in privacy, determined " not to pnff," he at length 
upon an outhouse still standing, c1cm» behind the 
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maneion, by the bumside in the glen, where there wu 
Abundance of wator and aeonre privacy. Watt's extreme 
diffidence was often the subjeot of remark at Dr. Boebnck'a 
fireside. To the Doctor hie anxiety seemed quite painfal, 
and he was very much disposed to despond under appa- 
rently trivial difScultiea. Roebuck's hopeful nature was 
his mainstsy tLroughout. Watt himself was ready enough 
to admit tJiis ; for, writing to his fnend Dr. Small, he once 
said, " I have met with many disappointments ; and I 
must have sunk under the burthen of them if I bad not 
been supported by the friendship of Dr. lloebuok." 

But more serious troubles were rapidly accumulating 
upon Dt. Hoebuck himself; and it was he, and not Watt, 
that sank under tho burthen. The progress of Watfs 
engine was but slow, and long before it conld be applied 
to the pumping of Roebuck's mines, the difficulties of the 
undertaking on which he had entered overwhelmed him. 
The opening out of the principal coal involved a very 
heavy outlay, extending over many years, during which 
he Bank not only bia own but his wife's fortune, and — 
what disti'essed him moat of all — large sums boiTowed 
from his relatives and friends, which ho was unable to 
repay. The consequence was, that he was eventually 
under the necesBity of withdrawing his capital from the 
refining works at Binaingham, and the vitriol works at 
Prenlonpans. At the same time, be transferred to Mr. 
Boulfon of Soho bia entire interest in Watt's steam-engine, 
the value of which, by the way, was thought so small that 
it was not even included among the assets i Koebnck's 
creditors not estimating it as worth one forthing. Watt 
sincerely deplored his partner's miifortunes, but could not 
help him. "He has been a most sincere and generous 
friend," said Watt, " and is a truly worthy man." And 
again, " My heart bleeds for him, but I can do nothing to 
help him : I have stuck by him till T have much hurt 
myself; I can do ho no longer; my family calls for n 
oare to provide for them." The later years of 1* 
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fioebuok's life were spent in comparative o!>flCurity ; anil 
ka died in 1794, in his 7Gth year. 

Ho lived to witness the fliicoess of the Bteam-engine, the 
opening np of the Boroughatoness coal,* and the rapid 
estension of the Scotch iron trade, though he shared in 
the prosperity of neither of those branches of industry. 
Ho had been working ahead of hia age, and he suffered 
for it. He fell ia the breach at the critical moment, and 
more fortunate men marched over his body into the fortress 
which his enterprise and valonr had mainly contributed to 
. Before hia groat undertaking of the C'arron Works, 
Scotland was entirely dependent upon other countries for 
snpply of iron. In 17130, the first year of its opera- 
tions, the whole produce was 1500 tons. In course of 
time other iron works were erected, at Clyde Cleugh, 
Muirkirk, and Devon — the managers and overseers of 
which, as well as the workmen, had mostly received their 
training and eiperienoo at Carron — until at length the iron 
trade of Scotland has assumed such a magnitude that its 
manufacturers ore enabled to export to England and other 
coimtriea upwards of 600,000 tons a-year. How different 
this state of things from the time when raids were made 
acTOBs the Border for the purpose of obtaining a store of 
iron plunder ia be carried back into Scotland ! 

The extraordinary expansion of the Scotch iron trade of 
late years has been mainly due to the discovery by David 
Hushet of the Black Band ironstone in 1801, and the in- 
vention of the Hot Blast by James Beaumont Neilson in 
1828. David Mnahet was bom at Dalkeith, near Edin- 
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Ltlce other memben «f liaal 



was brought np to met&l-finuidiTig. At Um tgp tt 
he joined the bu£F of the Clyde Inm Wcrta, Bear GlMgpv, 
ftt a time when the Coicpanj bad onlj tvo " 
work. The office of accoantant, which h» held, 
him &om taking any part in the 
of the concern. But being of » _ 
tnm of mind, the retnarkable conversiona which iron vaia- 
wcnt in the process of timnnfactiire T^y durtly bcgu to 
occupy hia attentioo. The sabject was much discosaed by 
(he yotmg men abont the works, and they &«qneotly kad 
occasion to refer to Foorcroy's well-knowu book tM ibe 
poTpoeo of determining v&rious qaesdotis of diSenaM 
whtdt aroee among them tn the course of their iaqointa. 
Hie book was, however, in many respects tadecimTe and 
nnaadsfaetory ; and, in 1793, when a rednction took pboe 
in the Company's staff, and David Unabet was le& neariy 
the Gole occnpant of die office, he determined to stady the 
Bobject for himself experimentally, and in the Gat plaM 
to acquire a thoroogh knowledge of aeeiying, as the tzne 
key to the whole art of iron-makiitg- 

He first eet tip his crucible upon tlie biid^ of the rever^ 
beratoiy furnace nsed for melting pig-iron, and filled it 
with a mixtitre carefoUy compounded according to the 
fotmula of the books ; bttt, notwithstanding the shelter of 
• bnck, placed before it to break the action of the flame, 
the emcible generally split in two, and not Dnfreqaeotly 
melted and disappeared altt^ether. To obtain better resatts 
if poesiblB. btt next had recotme to the ordinary Emith's 
fit^ <HUT^-ing OB his experiments in the evenings aflcr office- 
honis. lie sot his otnmble npon the fire on a piece of fire- 
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brick, opposite tlie noealo of tte bellows; coveiiiig the 
whole with coke, and then oxcitiog the flame by blowing. 
This mode of operating produced somewhat bettor resiiltM, 
but still neither the iron nor the cinder obtained resembled 
the pig or scoria of the blast- furnace, which it was his 
ambition to imitate. From the irregularity of the resulta, 
and the frequent failure of the crucibles, he camo to the 
oonclnsion that either his furnace, or hia mode of fliixing, 
waa in fault, and he looked about him for a more con- 
venient means of purBuing hia eiporimeutB, A small 
square furnace had boon erected in the works for the 
purpose of heating the riveta used for the repair of Hleam- 
engino boilers ; the furnace had for its chimney a cast-iron 
pipe eix or Bovon inches in diameter and nine feet long. 
After a few trials with it, he raised the ht;at to such an 
t)xt«iit that the lower end of the pipe was meltod olf, without 
producing any very satisfactory results on tlio oxperimental 
omcible, and hia operations were ngain brought to a stanil- 
Btill. A chimney of brick having been substituted for tlio 
cast-iron pipe, he was, however, enabled to proceed with 
his trials. 

He continued to pursue his experiments in assaying for 
about two years, during which he had been working 
entirely after the methods described in books ; but, feeling 
the results still unsatisfactory, he determined to borrow 
no more from the books, but to work out a system of his 
own, which should ensure results similar to those produced 
at the blaatrfumace. This he eventually succeeded in 
effecting by uumerou.'i experiments performed in the night ; 
■8 hia time was fully occupied by bis office-duties during 
the day. At length these patient experiments bore their 
dne froite. David Mushet became the most skilled aasayer 
at the works; and when a difficulty occorred in smelting a 
quantity of new ironstone which had been contracted for, 
tba ntanager himself resorted to the bookkeeper for advice 
and information ; and the skill and experience which he 
I bad gathered daring hia nightly labours, enabled him 



toadilyaiid satififeotorily to solve the difficnltyand surest 
k euitable remedy. His reward for this achievement wm 
the jiermission, which was immediately graQf«d him by 
the manager, to make nse of hia own aseay-fumace, in 
which ho thenceforward continued hia invo»tigationB, at 
the Bamo time that he instructed the manager's son in Ox 
art of aflsaying. This additional eaperienoe proved of 
great benefit to him ; and he continued to ptoaecnte hit 
inqniries with much zeal, Eometimee devoting entire nights 
to experiments in assaying, roasting and cementing irOD- 
oros and ironstone, decarbonating cast-iron for steel and 
bar-iron, and various like operationa. His general prao- 
tice, however, at that time wae, to retire hetween two and 
three o'clock in the morning, leaving directions with the 
engine-man to call him at half-past five, so as to he 
bt. But thcBC praieeworthy eipe- 
> a sudden end, as thua described 
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ion," says he,* 
" and without a cause being assigned, I was stopped short. 
My furnaces, at the ordor of the manager, were pulled in 
pieces, and an edict was passed that they should never b» 
erected again. Thus terminated my reBearchea at the 
Clyde Iron Works. It happened at a time when I was 
interested—and I had been two years previoufily occupied 
— ia an attempt to convert caat-iron info steel, without 
fusion, by a process of cementation, which had for it^ 
object the dispersion or absorption of the Buperfluous 
carbon contained in the castriron, — an object which at that 
time appeared to me of bo great importance, that, with the 
consent of a friend, I ereoted an afi.say and cementing 
fnmaco at ihe distance of about two miles from the 
Clyde Works. Thither I repaired at night, and sometimes 
at the breakfast and dinner hours during the day. Thia 
plan of operation was persevered in for the whale of oam 
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nmmer, but was found too uncortam and laborious ta t>e 
eontinued. At the latter end of the year 1798 I left iny 
ehambers, and reiaoved from tho Clyde Works to the dis- 
tance of about a mile, where I constioicted eeveral Fui-cacei 
for assaying and cementing, capable of exciting a greatai 
temperature tJiatt any to which 1 before bad access ; and 
thna for nearly two years I continued to carry on my 
'eatigatioiiB connected with iron and the alloys of tho 

"Though operating in a retired manner, and holding 
tile communication with others, my views and opinions 
upon the rationale of iron-making spread over the establisli- 
meat. I was considered forward in affecting to see and 
expltun matters in a different way from otiiers who were 
inuch my seniors, and who wore content to be satislied 
-with old methods of explanation, or with no explanation at 

ill Notwithstanding those early roproaches, I 

liave lived to see the nomenclature of my youth furnish a 
Vocabulaiy of terras in the art of iron-making, wliiuh IB 
used by many of the ironmasters of the present day with 
freedom and effect, in communicating with each other on 
the subject of their respective manufactures. Prejudices 
;BeldDm outlive the generation to which they belong, when 
opposed by a more rational system of explanation. In this 
tespect, Time (se my Lord Bacon says) is the greatest of 
ftll innovators. 

ji a similar manner, Time operated in my £)vour in 
jespect to tbe Black Buid Ironstone.' The discovery of 
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this was made in 1801, when I was engaged in oi-ecting for 
myself and partnora the Colder Iron Works. Gre&t preju- 
dice was excited againat me by tlie ironmasters and others of 
that day in proBiiming toclaaathoiciMcoatsof tbeconntry(as 
Black Band was called) with ironstone fit and proper for 
the blast furnace. Yet that discovery haB elevated Scot- 
land to a considerable rank among tie iron-making natioM 
of Europe, with resources still in store that may bo con- 
sidered inexhaubtible. But such are the coneolatoiy ef' 
fects of Time, that the discoverer of 1801 is no longer con- 
sidered the intrusive visionary of the laboratory, but the 
acknowledged benefactor of his country at large, and parti- 
cularly of an eitensive class of coal and mine proprietors 
and iron masters, who have derived, and are still deriving, 
great wealth from this important discovery ; and who, in 
tjie spirit of gratefal acknowledgment, have pronounced it 
worthy of a crown of gold, or a monumental record on the 
spot where the discoveiy was first made. 

" At an advanced period of life, such considerations are 
soothing and satisfactory. Many under simildr cii-cnm- 
stauces have not, in their own lifetime, had that measure 
of justice awarded to them by their country to which tbey 
were equally entitled. I accept it, however, as a boon 
justly due to me, and as an equivalent in some degree for 
that laborious course of investigation which I had pi-e- 
scribed for myself, and which, in early life, was carried on 
under oironmstances of personal exposure and incon- 
venience, which nothing but a frame of iron could have 
supported. They atone also, in part, for that disappoints 
ment sustained in early life by the speculative habits of 
one partner, and the constitutional nervousnesa of another, 
which eventually occasioned my separation from the Calder 
Iron Works, and lost mo the possession of extensive tracts 

Ingredient J for by the aid "f the hot I hBVEsiiiB bem iliscgvered and lUd-ei^ 
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of Black Band iron-stone, which I bad Bccurod while ihe 
Ttdne of the dificoveiy was known only to mj'self." 

Mr. Mnshet published the results of his laborious investi- 
gadonfi in a series of papora in the Fhilosophical MagEizino, 
— afterwards reprinted in a collected form in 1840 nnder 
tile title of "Papers on Iron and Steel," These papers are 
among the most valuable original contributions to the 
literature of the iron-manuiaoture that have yet been given 
to the world. They contain the germs of many inventions 
and discoveries in iron and steel, some of which were per- 
fected by Mr. Mushot himself, vrhile others were adopted 
and worked out by different experimenters. In 1798 aome of 
the leading French chemists were endeavouring to prove 
by experiment that steol could be made by contact of the 
diamond with bar-iron in the crucible, tbo carbon of the 
diamond being liberated and entering into combination with 
the iron, forming steel. In the animated controversy which 
occurred on the subject, Mr, Mushet'a name was brought 
into considerable notice ; one of the subjects of his pub- 
lished experiments having been the conversion of bar-iron 
into steel in the crucible by contact with regulated pro- 
portions of charcoal. The experiments which he made in 
oonneotion with this controversy, though in themselves 
unproductive of results, led to the important discovery by 
Mr. Mushet of the certain fusibility of malleable iron at a 
Biutahle temperature. 

Among the other important results of Mr. Mushet's life- 
long labours, the following may be summarily mentioned ; 
The preparation of steel from bar-iron by a direct process, 
combining the iron with carbon ; (he discovery of the 
beneficial effects of oxide of manganese on iron and steel ; 
the USB of oxides of iron in the puddling-fumace in various . 
modes of appliance; the production of pig-iron from the 
blast-faro ace, suitable for puddling, without the interven- 
tion of the refinery; and the application of the hot blast 
to anthnKjit« coal in iron-smelting. For the process ot 
combining iron with carbon iox the production rif 8teel| 
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Mr. Mushet took out a patent in November, 1800; and 
man^ years after, when lie had discovered the beneficial 
effects of oxide of manganese on steel, Mr. Josiah Heath 
founded upon it his celebrated patent for the makiDg of 
cast>«toel, which had the effect of raising the annual pro- 
duction of that raetiU in aheffield from 3000 to 100,000 tons, \ 
Hifl application of the hot blast to anthracite coal, after i ; 
process invented by him and adopted by the Messrs. Hill d 
the riyinouth Iron Works, South Wales, had the efi'eet of 
producing savings equal to about 20,000^. a year at those 
works ; and yet, strange to say, Mr. Mushet himself nevei 
received any consideration for his invention. 

The discovery of Titanium by Mr. Muahet in the hearth 
of a blast-furnace in 1794 would now be regarded as a mere 
isolated fact, inasmnch as Titanium was not placed in the 
list of recognised metals imtil Dr. Wollaston, many years 
later, ascertained its qualities. But in connection with the 
(act, it may bo mentioned that Mr, Muehet'a youngest son, 
Kobert, reasoning on the peculiar circumstances of the dis- 
ooveiy in question, of which ample record is left, has 
founded upon it his Titanium process, which is expected 
by him eventually to supersede all other methods of manu- 
facturing steel, and to reduce very materially the cost of 
its production. 

While he lived, Mr. Muahet was a leading authority on 
all matters connected with Iron and Steel, and he contri- 
buted laigely to the scientific works of his time. Besides 
his papers intheThilosophical Journal, he wrote the article 
■'Iron" for Napier's Supplement to the Encyclopedia 
Eritannica ; and the articles " Blast Furnace " and " Blow- 
ing Machine" for Eees's Cyclopesdia. The two latter 
articles had a considerable influence on the opposition to 
the intended tax upon iron in 1807, and were frequently 
referred to in the discussions on the subject in Farliament. 
Mr. Mushet died in 1847. 
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CHAPTEK IX 

LnKHTioN OF THK HoT Blast — Jasibs Deauhont 
Neilboh. 



■■ Wliilst thi eipldita of tha conqneror nod the intrigues of (ho deini*- 
gsgne Ire faithfully preserved through a suceessjoQ of agra, the poi-sever- 
isg and tmobtnisiTe cfibrts of geoius, developing the best blcEsings of the 
Delt; to man, areoltcn aonsigned to oblivioii.'' — Dacid MuaM. 



TH£ extraordinary valuo of the Black Band iroiiskinc was 
not at first duly recognised, perhaps not even by Mr. Muahet 

self. For several years after its discovery by him, its 

was confined to the Caldor Iron Works, where it waa 
employed in mixture with other ironstones of the argil- 
laceous class. It was afterwards partially used at the 
Clj'de Iron Works, but nowhere else, a strong feeling of 
prejudice being entertained against it on the part of the 

trade generally. It was not until the year 1825 that 
^le lUonkland Company used it alone, without any other 
mixture than the necessary quantity of limestone for a flux. 
The enooese of this Company," says Mr. Mushct, " soon 
gave rise to the Gartsberrio and Dondyvan furnaces, in the 
midst of which progress came the use of raw pit-coal and 
thfi Hot Blast — the latter one of the greatest discoveries in 
metallurgy of the present age, and, above every other pro- 

, admirably adapted for smelting the Blackband iron. 

9," From the introduction of this process the extraor- 
iKnary development of the iron-manufacture of Scotland 
may be said to date; and we accordingly propose to de- 
vote the present cbapter to an accouut of ita meritorioiu 
iovfintoT. 
Junes BeanmoQt Noilsun was bom at Shettleston, a 
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rondside village about throe miles eastward of Glasgow, on 
the 22nd rf June, 1792. His parents belonged to Ht 
working class. Ilis father's earnings during many laborioM 
yoars of his life did not exceed sixteen shillings a veeh 
Ho had been bred to the trade of a mill-wright, and was for 
somo time in the employment of Dr. Boebiick as an engine- 
wright at his colliery near Borough stonesa. He was iieil 
employed in a like capacity by Mr. Beaumont, the mineml- 
manager of the collieries of Mrs. Cunningham of LiiJn- 
shaw, near Irvine in Ayrshire; after which he was ap- 
pointed engine-wright at Ayr, and subsequently at tha 
Govan Coal Works near Glasgow, where ho remained until 
his death. It was while working at the Irvine Works that 
he first became acquainted with his future wife, Marion 
Smith, the daughter of a Kenfiewshire bleacher, a woman 
remarkable through life for hor clever, managing, and 
industrious habits. She had the chaise of Mrs. Cunning- 
ham's children for some time after the marriage of that 
lady to Mr. Beanmont, and it was in compliment to her 
former mistress and her husband that she named her 
youngest son James Beaumont after the latter. 

The boy's education weih confined to the common ele- 
ments of reading, writing, and arithmetic, which he partly 
acquired at the parish school of Bti-athbungo near Glasgow, 
and partly at the Chapel School, as it was called, in the 
Gorbals at Glasgow, He had finally loft school before 
he was fourteen. Some time before he left, he had been 
partially set to work, and earned four shillings a week 
by employing a part of each day in driving a' small con- 
densing engine which his father had put up in a neigh- 
bouring quarry. After leaving school, he was employed 
for two years as a gig hoy on one of the winding engines at 
the Govan colliery. His parents now considered him of fit 
age to he apprenticed to some special trade, and aa Beau- 
mont had muoh of his father's tastas for mechanical pursnils, 
it was determined to put bim apprentice to a working 
engineer. His elder brother John was then acting ae 
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engineman at Oakliatik near Glasgow, and Beaumont was 
qiprenticed under him to leam the trade. John was a 
if a BtudioDB and fieriona turn of mind, and had been 
atrongly attracted to follow the example of the brotliers 
Haldane, who were then exciting great interest by their 
preaching thronghout the North ; but hia father Eot hie face 
^Igainst his Hon'b "preaching at the back o' dikes," as he 
sailed it; and bo John quietly settled down to his work. 
JThe engine which the two brothers managed was a very 
small one, and the master and apprentice served for cngino- 
inaii and fireman. Here the youth worked for three year«, 

mploying hia leisure hours in the evenings in remedying 
the defects of his early education, and endeavouring to 
ftctjuire a knowledge of English grammar, drawing, and 
mathematics. 

On the expiry of his apprenticeship, Beaumont continued 
for a time to work under his brother as journeyman at a 
{ainea a week; after which, in 1814, he entered the em- 
ployment of William Taylor, coal-master at Irvine, and he 
inx appointed engine-wright of the colliery at a salary of 
^tn 701. to 201. a year. One of the improvements which 

a introduced in the working of the colliery, while he held 

lat office, was the laying down of an edge railway of east- 
iron, in lengths of three feet, from the pit to the harbour 

f Irvine, a distance of three miles. At the age of '2\i he 
married hie first wife, Barbara Montgomerie, an Irvine 
" j8, with a " tocher " of 2501. This little provision was 
^^ 1 the more serviceable to him, as his master, Taylor, 
Ibeooming unfortunate in business, he was suddenly thrown 
4)ut of emplojment, and the little fortune enabled the 
inewly-manried pair to bold tieir heads above water till 
tetter days came round. They took a humble tenement, 
consisting of a room and a kitchen, in the Cowcaddens, 
.Glasgow, where their first child Tvaa bom. 

About thia time a gae-work, the first in Glasgow, was 
.^rojeoted, and the company having been formed, the 
(lirectora advertised for a superintendent and foreman, to 
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wkom they offered & "liberal salary." ITioTigli Beaomont 
bftd never eeen gaslight before, except at the illumiimtioD 
ot his father's colliery office after the Peace of Amiens,-' 
\(^ich was accomplished in a very simple and original 
mannor, without either ooodenser. purifier, or gas-holder,— 
and ihottgh he tnew nothing of the art of gas-toafcing, h« 
had the oenrage to apply for the situation. He was one of 
twenty candidates, and the fortnnaie one; and in Angiali 
ISIT, we find him appointed foreman of the Glasgow Gu- 
work$, for five years, at the salary of OOf. a year. Before 
the expiry of his term he was reappointed far six yean 
more, at the advanced salary of 2001., with the status JT 
manager and engineer of the works. His salary was g 
dnolly increased to 400[. a year, with a free dweUi 
house, until 1847, when, after a faithful service 
jptftrs, during which he had largely extended the central 
works, and erected branch works in Tradeston and Partick, 
he finally T«sigaed the management. 

The sitnation of manager of the Gla^ow GaH-works was 
in many respects well snited for the development of Mr. 
Neilson's peculiar abilities. In the first place it afforded 
him facilities for obtaining theoretical as well aa practical 
knowledge in Chemical Science, of which he was a diligent 
student at the Andereonian University, as well aa of Na- 
tural PhilosophyandMathematicsin their higher branches. 
In the next place it gave free scope for his ingenuity m 
intmduoing improvements in the mannfacture of gas, then 
in its in&iacy. Ho was the first to employ clay retorts j 
and he iiilroduped sulphate of iron as a self-acting purifier, 
passiuj; the g»B through beds of charcoal to remove its oily 
and tarry elements. The swallow-tail or tinion jet was 
also hin invoution. and it has since come into general use. 

While managing the Gas-works, one of Mr. Neilson's 
lalionru Af love was the establishment and direction by him 
(if tt Wvirkmen'a Instilntion for mutual improvement 
Having been a workman himself, and experienced the dis- 
tdTU>tag*s uf an imi<erfi>ct education in early life, as w^ 
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as the benefits arising from improved oullure in later years, 
he desired to impart eome of these advantages to the -work- 
men in his empioyment, who consisted ohiefly of perBons 
from remote parts of the Highlands or from Ireland. Moat 
of them conld not even read, and his principal difficulty 
consisted in persnading Ihem that it was of any use to 
leam. For some time tbey resisted his persuasions to form 
a Workmen's Institution, with a view to the establishment 
of a library, classes, and leotures, urging as a sufficienu 
plea for not joining it, tbat they could not read, and that 
books would be of no use to them. At last Mr. Neilson 
Biioceeded, though with considerable difficulty, in inducing 
fourteen of the workmen to adopt his plan. Each memlier 
was to contribute a small sum monthly, to be laid out in 
books, the Gas Company providing the members with a 
comfortable room in which they might meet to read and 
converse in the evenings instead of going to the alehouse. 
The members were afterwards allowed to take the hooks 
home to read, and the room was used for the purpose of 
conversation on the subjects of the books read by them, 
and occasionally for lectures delivered by the members 
themselvoB on geography, arithmetic, chemistry, and me- 
chanics. Their numbers increased bo that the room in 
which they mot became insufficient for Iheir accommoda- 
tion, when the Gas Company provided them with a new 
and larger place of meeting, together with a laboratoiy and 
workshop. In the former they studied practical chemistry, 
and in the latter they studied practical mechanics, making 
for themselves an air pump and an electrifying machine, aa 
well as preparing the various models used in the course of 
the lectures. The effects on tho workmen wore eminently 
beneficial, and tho institution came to be cited aa among 
the most valuable of its kind in the kingdom." Mr, Neilson 
thron^ottt watched carefully oyer its working, and exerted 
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1 all ways to promote ita iisefolneBS, in wliioh he 
liad ihe zoalous co-operation of the leading workmen them- 
selves, and the gratitode of all. On the opening of the 
now and enlai^ed rooms in 1825, we find him delivering as 
admirable address, which was thought worthy of republi- 
cation, together with the reply of George Sutherland, one 
of the workmen, in which Mr. Neilson's exertions a 
founder and chief supporter were gratefully and forcihly 
expresaod.' 

It was during the period of his connection with ■ 
Glasgow GaR-worlfs that Mr. Neilson directed his att«ntii 
to the smelting of iron. His views in regard to the stibjec 
wore at first somewhat crude, as appears from a paper reai 
by him before the Glasgow Philoaophioal Society eaiiy iw 
1835, It appears that iu the course of the preceding yea^" 
his attention had been called to the subject by t 
maker, who asked him if he thought it possible to purii 
the air blown into the blast furnaces, in like manner i 
carburotted hydrogen gas was purified. The ironmaetai'" 
supposed that it was the presence of eulphwr in the air that 
caused blast-ftimaoes to work irregularly, and to make bod 
iron in the summer months. Mr. Neilson was of opinion 
that this was not the true cause, and he was rather dis- 
posed to think it attributable to the want of a due propor- 
tion of oxygen in suramor, when the air was more rarefied, 
besides containing more aqueous vapour than in winter. 
He therefore thought the true remedy was in some way 
or other to throw in a greater proportion of oxygen ; and 
ho suggested that, in order to dry the air, it should- bo 
passed, on its way to the furnace, through two long tunnels 
containing calcined lime. But further inquiry served to 
correct his vievfs, and eventually led him to the true theory 
of blasting. 

Shortly after, his attention was directed by Ur. James 
Ewing to a defect in one of the Muirkiik blastrfumaoMt 
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situated about half a mile distant from the blowiDg-cngiiiD, 
^ vhich was found not to work bo well aa othera whicli 
were situated close to it. The circumstances of the oase 
-led Ur. Neilsoa to form the opinion that, as air increiues 
volume according to temperature, if he we o to heat 
it by passing it through a red-hot vessel, its volu o would 
he increased, according to the well-known law nnd the 
blast might thus be enabled to do more dutj n the dibt^mt 
fnmace. He proceeded to make a series of espenmonts at 
the Gas-worke, tryipg the effect of heated air n the ill i 
ntinating power of gas, by bringing up a stre ra f it u 
a tube bo aa to surround the gas-biimer. Ho fo rd tl at 
by this means the combustion of the gas was rond 1 
more intense, and Its illuminating power greatly increased. 
He proceeded to try a similar experiment on a common 
Bmith's £ro, by blowing the firo with heated air, and the 
effect was the same ; the fire was much more brilliant, 
ftnd accompanied by an unusuuHy intense degree of heat. 

HftTii^ obtained such marked results by these small ex- 
perimente, it naturally occurred to him that a BJmilar 
increase in intensity of combustion and temperature would 
Attend the application of the process to the blast -famacs 
a a, large scale ; but being only a gaa-maker, he had the 
greatest difliciilly in persuading any ironmaster to permit 
him to make the necessary experiments with blaet-fiimaces 
actually at work. Besides, his theory was altogether at 
variance with the established practice, which was to Bupply 
air as oold as possible, the prevailing idea being that the 
coldness of the air in winter was the cause of the best iron 
being then produced. Acting on these views, the efforts 
of llie ironmasters had always been directed to the cooling 
of the blast, and various expedients were devised for the 
purpose. Thus the regulator was painted white, as being 
the ooclest colour ; the air was paseed over cold water, and 
some cases the air pipes were even surrounded by ice, 
all with the object of keeping the blast cold. When, there- 
I fore, Mr. Neilson proposed entirely to reverse the proceBS, 
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and to employ hot instead of coJd blast, the incredulity of 
the ironmaat^rs may well be imi^ined. What 1 NeilaM, 
a mere maker of gas, undertake to instruct praottoal men 
in the manu^turo of iron I And to euppose that healed 
ftir can be need for the purpose ! It was preBumption in 
the extreme, or at beat the mere viBionaiy idea of a person 
altogether nnacquaintod with the Buhject ! 

At Jength, however, Mr. Neilson succeeded in inducing 
Mr. Charles Macintosh of Crossbasket, and Mr. Colin 
Dunlop of the Clyde Iron Works, to allow him to make a 
trial of the hot air process. In the first imperfect attempts 
tho air was heated to little more than 80° Fahi'enheit, yet 
the results were Katisfactory, and the sooriw from the fur- 
nace evidently contained less iron. He was therefore de- 
sirous of trying his plan upon a more extensive scale, with 
the object, if possible, of thoroughly eatabliahing the sound- 
ness of his principle. In this he was a good deal hampered 
even by those ironmasters who were his &iends, and had 
promised him the requisite opportunities for making a fair 
trial of the new process. Thoy strongly objected to his 
making the necessary alterations ia the fiimaces, and he 
seemed to be as far from a. satisfactory experiment as ever. 
In one instance, where he had eo far succeeded as to be 
allowed to heat the blast-main, he asked permission to 
introduce deflecting plates in the main or to put a bend 
in the pipe, so as to bring the blast more closely agaisst 
tho heated sides of the pipe, and also increase the area ot 
heating surface, in order to raise the temperature to a 
higher point; but this was refused, and it was said that 
if even a hend were put in the pipe the furnace would stop 
working. These prejudices proved a serious difficulty in 
tho way of our iaventor, and several more years passed 
before he was allowed to put a bend in the blast-main. 
After many years of perseverance, he was, however, at 
length enabled to work cut his plan into a definite shape 
at the Clyde Iron Works, and its practical value w-aa 
at onc« admitted. At the meetinf of the Meohaaical 
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Bngmeers' Society held in May, 1853, Mr. Keikon ex- 
plained that hie invention conaiated solely in tLe principle 
of heating the blast between the engine and the fumitoe, 
and -was not associated with any particnlar oonatniction of 
the intermediate heating apparatus. This, he said, was the 
caiise of itfi success ; and in acme reapecte it reEomhled the 
invention of his countryman, James Waft, who, in con- 
nection with the steam-engine, iuTented the plan of con- 
densing the steam in a separate vet^sel, and was succesi^fiil 
in maintaining his invention by not limiting it to any par- 
tioulaj conGtruotion of the con-denser. On the samo occa- 
non he took the opportunity of acknowledging the firmneaa 
with which the English ironmasters had stood by him when 
attempts were made to deprive him of the benefits of his 
invention; and to them he acknowledged he wae mainly 
indebted for the succee^ful issue of the severe contests he 
had to undergo. For there wore, of course, certain of the 
ironmasters, both English and Scotch, supporters of the 
oauso of free trade in others' inventions, who sought to 
resist the patent, after it had come into general use, and 
had been recognlRcd as one of the moEt valuable improve- 
ments of modem times." 

The patent wae secured in 1828 for a terra of fuurteen 
years ; but, as Mr. Neilson did not himself possess the re- 
t{uisite capital to enable him to perfect the invention, or to 
defend it if attacked, he found it necessary to invite other 
gentlemen, able to support bim in these rcRpects, to share 
its profits ; retaining for himself only three-tenths of tho 
■whole. His partners were Mr. Charles Macintosh, Mr, Colin 
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Dunlop, and Mr. John Wilson of Dundyvan. The oborg 
made by them waa only a ehilting a ton for all iron pro 
duced by the new prooesa; this low rat* being fiiod il 
order to ensure the introdaotion of the patent into genenj 
use, as well as to reduce to a minimum the temptations a 
the ironmasters to infringe it. 

The first trials of the process were made at the blast 
furnaces of Clyde and Calder ; from whence the use of thi 
hot blast gradually extended to the other iron-mining H 
tricts. In the coarse of a few years every furnace in Scol 
land, with one exception (that at Carron), had adopted ti 
improvement ; while it was also employed in Wf the fn 
nacea of England and Wales, and in many of the ftimao 
on tho Continent and in AmericM,. In course of time, at 
with increasing experience, various improvements were 1 
troduced in the process, more particularly in the shape 
the air-heating vesaels ; tho last form adopted being that 
a congeries of tubes, similar to the tubular arrangement 
the boiler of the locomotive, by which the greatest € 
of heating suriaco was provided for the thorough heating 
the air. By Uioso modifications the temperature of the t 
introduced into tho furnace has been raised from 240°. 
COO", or the temperuture of melting lead. To protect £ 
nozzle of the air-pipe as it entered the furnace against £ 
action of the intense heat to which it was subjected, a spu 
pipe for a stream of cold water constantly to play in h 
been introduced within the sides of tho iron tuyere throuj 
which the nozzle passes ; by which means the tuyere 
kept comparatively cool, while tho nozzle of the air-pipe 
effectually protected,* 

This valuable invention did not escape the usual fate i 
Buccess^l patents, and it was on several occasions tfi 
subject of protracted lit%ation. The first action ooi 
in 1832; but the objectors shortly gave In, and I'ei 
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tiieir licence. In 1839, when tho pTocc)^^ liud booome 
geoerally adopted tlu'oughout ScoUaiid, and, indeed, was 
found absolutely essential for smelting tho peculiar arte 
oftliat ooimtry — more especially Mu she t'a Black Band — a 
powerlul combination woe formed amongst the ii'onmaGtem 
to resist the patent. The litigation which oQEued extended 
five years, during ■which period soma twenty actions 
proceeding in Scotland, and several in England. 
juries sat upon the eabject at different times, and 
asions appeals were caiiied to the House of 
One jury trial occupied ten days, during which a 
and two witnesses were examined; the law costs 
OB both aides amounting, it is supposed, to at least 40,000/. 
Eie result was, that the novelty and merit of Mr. Neilson'a 
invention were finally established, and he was secuTed in 
tbe enjoyment of the patent right. 

We are gratified to add, that, though Mr. Keilson had tc 
!*rt with two-thirds of the profits of the invention to secure 
theoapital and influence necessary to bring it into genera, 
use, he realized sufScient to enable him to enjoy the evening 
of Us life in peace and comfort. He retired from active 
))iuine8a to an estate which he purchased in 1851 in tiie 
Stewartry of Kirkcudbright, where he is found ready tc 
lend a hand in every good work— whether in agricultural 
Trovemont, railway extflueion, or the moral and social 
goud of those about him. Mindful of the success of his 
Workmen's Institution at tho Glasgow Gas- Works, he has, 
>IinoBt at his own door, erected a similar Institution for the 
nw of the parish in which hia property is situated, the 
I'etieficial effects of which have been very marked in the 
<^iBtrict. Wo may add that Mr. Neilson'a merits have been 
fwopiised by many eminent bodies — by the Institution of 
Civil Engineers, the Chemical Society, and others— the last 
Wiour conferred on him being his election as a Member of 
tieBoyal Society in 1846. 

The invention of the hot blast, in conjunction with tha 
dimvety of the Black Band ironstouei has had an extra- 
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ordinary effect upon the development of the iron- 
iacture of Scotland. ThecoaU of that couiitiyare geoeiullj 
unfit for coking, and lose as much as 55 per cent, in the 
process. But by using the hot blast, the coal could be sent 
to the blast-furnace in its raw state, by which a, lai^e 
saving of fuel was effected.* Even coals of an inferior 
quality were by its means made available for the mann- 
facture of iron. But one of the peculiar qualities of the 
Black Band ironstone is that in many cases it oontaina 
sufficient coaly matter for purposes of calcination, without 
any admixture of coal whatever. Before its discovery, nil 
the iron manufactured in Scotland was made from clay- 
band ; but the use of the latter has in a great measure 
been discontinued wherever a sufficient supply of Blacli 
Band can ba obtained. And it ia found to exist very ex- 
tensively in most of the midland Scotch counties,- 
coal and iron measures stretching in a broad belt fr 
Ibe Firth of Forth to the liish Channel at the Firth 
Clyde. At the time when the hot blast was invented, 
fortunes of many of the older works were at a low 
and several of them had been discontinued ; but they wi 
Rpeedily brought to life again wherever Black Band coal} 
be found. In 1829, the year after Neilson's patent 
taken out, the total make of Scotland was 29,000 tons. As 
fresh discoveries of the mineral were made, in Ayrshire and 
Lanarkshire, new works were erected, until, in 1845, -nti 
find the production of Scotch pig-iron had increased fl 
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475,000 tone. It has since iscreosed to upwaidij of a 
mil Hon of tons, niDetoeu-tweatteths of whiuh itre luado 
from BUck Band ironBtone.* 

Employment bos thus boon given to vast numbers of 
onr indnBtrial population, anil the wealth and leBoiirces of 
the Scotch iron districts have beuu increased to mi extia- 
ordinaiy extent. During the iiiat year there were 125 
furnaces in blast throughout Scotland, each employing 
About 400 men in making an average of 200 tons a-week; 
and the money dletributed amongst the workmen may 
readily be computed from the fact that, under the most 
favourable circumstances, the coet of making iron in vagjds 
alone amoants to 3Gs. a-ton.j' 

An immense additional value was given to all land in 
which the Black Band was found. Hr. Mushet mentions 
Uiat in 1839 the proprietor of the Airdrie estate derived 
a royalty of l(i,500i. from the mineral, which had not before 
ite discovery yielded him one farthing. At the eame time, 
many fortimes have been made by pushing and energetic 
men who have of late years entered upon this new branch 
flf industry. Amongst these may be mentioned the Bairds 
of Gartfiherrie, who vie with the Quests and Crawshaya of 
South Wales, and have advanced themselves in the course 
of a very few years from the station of small Cirmers to tliat 
of great capilalistB owning estates in many counties, hold- 
ing the highest character as commercial men, and ranking 
among the largest employers of labaur in the kingdom. 
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be mLltiplied bf 2) Iu give 1\k preatul 

-j- rapen read by Mr. Ralph Mooiv, 
Mitiidg Engineer, GluegDw, liefore Ih> 
Koyal Scoltilh Society of Alta, Ediu. 
ISOl.pp. 13, I4. 
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" L'inTmtioii n'c*t«11e pas U po&ie de la ulence? . . . Toutn N 

grgndes dtomyertei portent avec al' " ' -«■_— n- i- 

po^tiqne. 11 fiat £tre pofiu poor a^ 
qn« ai let puiKUDlea macMnca, Tdriuble s> 
1 indiistrie de nos jours, dolveot ref»™i'- ^ 
•era t <te> homioea li'iinapaatiDa, at 
■piMsai, que I'oa davra oette transTormatic 



Tools have played a highly important part in the hist 
of civiliKation. Without tools and the ability to nee them* 
man were indeed but a "pocr, bare, forked animal," — 
worse clothed than the birds, worse housed than the beaver, 
worse fed than the jackal. " Weak in himself," eaya 
Carlyle, " and of email stature, he stands on a basis, at 
most for the flattest-soled, of some half square foot, inse- 
curely enough ; has to straddle out his legs, leet the very 
wind supplant him. Feeblest of bipeds I Three quintAls 
are a crushing load for him ; the steer of the meadow 
tosses him aloft like a waste rag. Nevertheless he can 
use tools, can devise toole : with these the grauite monn- 
tain melts into light dust before him ; he kneads glowing 
iron as if it. were soft paste ; seas are his smooth highway, 
winds and fire hia unvarying steeds. Nowhere do you 
find him without tools ; without tools he is nothing ; with 
tools he is alL" His very first oontrivances to eupport 
life were tools of the simplest and rudest construction ; and 
his latest achievements in the substitution of machinery 
for the relief of the human hand tuid intellect are founded 
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le of tools of e. etill liigber order. Hence it b not 

^tbont good reason that man has by Eome philoBopheis 

aed as a tool-maMnff anitnal. 

Tools, like everything else, had small beginninge. With 

e primitive stone-hammer and chisel veiy little could be 

The felling of a tree would occupy a workman a 

^oath, unless helped by the destructive action of fii'e. 

-Dwellings could not he built, the soil could not be tilled, 

<^lotbes could not be fashioned and made, and the hewing 

ont of a boat was 8o tedious a process that the wood must 

lave been far gone in decay before it could be launched. 

It was a great st«p in advance to discover the art of 

working in metals, more especially in steel, one of the few 

metals capable of taking a sharp edge and keeping it. 

From the date of this discovery, working in wood and 

stone would be found comparatively easy ; and the reeults 

must speedily have been felt not only in the improvement 

of man's daily food, but in his domestic and social condition. 

Clothing could then be made, the primitive forest could he 

cleared and tillage carried on ; abundant fuel could be 

obtained, dwellings erected, ships built, temples reared; 

every improvement in tools marking a new step in the 

development of the human intellect, and a further stage in 

the progress of hnman civilization. 

' The earliest tools were of the simplest possible character, 

. consisting principally of modifications of the wedge ; such 

b M the knife, the shears (formed of two knives working on 

■ a joint), the chisel, and the axe. These, with the primitive 

ft hammer, formed the principal stock-in-trade of the early 

I tneohanicH, who were handicraftsmen in the literal sense of 

I the word. But the work which the early craftemen in 

B wood, etone, brass, and iron, contrived to execute, sufficed 

I <o show how much expertness in the handling of tools will 

KlNHrve to compenaato for their mechanical imperfections. 

m Workmen then sought rather to aid musoular strength 

Itiian to supersede it, and mainly to facilitate the efforts of 

■jnaTiiiftl skilL Another tool beoame added to Lboee men- 
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e of powi 
k Iks Saw, wUdt wa« cooHidered 
mat AbI ito nvenlor was faononred 
- tte gDd«mte ■ 
lMH»andtohkv«1 
A rf tk> iMjih i» tb« JBW of a serpent, used 
r rf Ihcdi]n> a diTiding & piere of 
■ of ukkM tools fonnd in 
I it wpptmn tkaf tlie fmne- 
J TfKemhled Oat sdll 
Jie tools «Btp]oyed in 
t Aap at Nanradt at this day are in must 
|a»wlial in the buried Boman 
t (odI peAnvd to in the Bible 
r w«a tfa FBa, wUd was tised to ehArpen 
nafloMHta. Una tke Helovws " had a file 
a QBoltan, and for the forks. 
When to 
, the angvr, and 
cUsd. m a^ wf Aa ttnla praopall j nlied od b^ 
aai^j MBBh— iM far wwAJag im wood and iron. 

Saak oaati — < to k» the ^ief tools in n$« down ali 
to WU vwB 4aj'. Tha <aM>& was at fint the principal too!- 
' « rf tnde were gradnallT esla- 
_ So loi^, however, as 
1 i«lied naaalf on his dexterity of hand, the 
^aistivelv limited; for the 
HnaW- «r~ikiBad veAnen ww bat snutlL The articles 
tvmed a«t hj Ihasa. baukg the pndnct of tedioos inannal 
hboar. w«a« too daar to eoaM into ooniaoa nee, and were 
OMda aimatb mtximdmij tor dte richer classes of the 
oomauitj. It was not mtil maduneiy bad been 
TaUed aad b >0(a»a geacnlly adopted that oianj 
Oldinaijr artkofaa of nooeaaatjr and of comfort were prodi 
is i Mu i wrt »>wda n t» aad at snob prices as enabled 
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, X. THE FIRST BAW-MILL. lefi 

.Ao eoUr into the coiutunption of the great body of the 
.people. 

But every improver of tools had a long and difBcnlt 
' battle to fight ; for any improvement in their effective 
power waa Bure to touch the interests of some esUiblifihed 
craft. Especially woa this the case with machines, whick 
ore but tools of a more complete though complioated kind 
than those above described. 

Take, for inetance, the case of the Saw. The tedions 
drudgery of dividing timber by the oldfashioned hand-saw 
is vrell known. To avoid it, some ingonioua person ang- 
gested that a number of saws should be fixed to a &ame 
L mill, so contrived as to work with a reciprocating 
motion, upwards and downwards, or backwards and for- 
wards, and that this frame so mounted should be yoked to 
the mill wheel, and the saws driven by the power of wind 
or water. The plan was tried, and, as may readily be ima- 
gined, the amount of effective work done by this machine- 
' was immense, compared with the tedious process of 
sawing by hand. 

It win be observed, however, that the new method must 
have seriously interfered with the labour of the hand- 
sawyers ; and it was but natural that they should regard 
the establishment of the saw-miLls with suspicion and 
Dstility, Hence a long period elapsed before the hand- 
sawyers would permit the new machinery to be set up 
and worked. The first saw-mill in England was erected 
by a Dutchman, near London, in 1663, but was shortly 
abandoned in consequence of the determined hostility of 
the workmen. More than a century passed before a second 
aw-mill was set up; when, in 1T6T, Mr. John Houghton, 
t London timber-merchant, by the desire and with the 
approbation of the Sociely of Arts, erected one at Lime- 
Ironse, to be driven by wind. The work was directed by 
one James Stansfield, who had gone over to Holland for the 
nnrposo of learning the art of constructing and managing 
the sawing machinerj-. But the null was no sooner erecl»d 
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thnn A mob aasembled and razed it to the f^nnd. The 
prinojpiil rioters Laving been puaished, and the loss to the 
proprietor having been made good by the nation, a new 
mill was shortly after bailt, and it was anfiered to work 
withont farther molestation. 

Improved methods of manufaottire have naually had fo 
encounter the Bame kind of opposition. Thns, when the 
Flemish weavers came over to England in the seventeenth 
century, bringing with them their skill and their industiy, 
fliey excited great jealousy and hoBtilify amongst (he 
native -workmen. Their comi)etition, as workman was 
ruBBntod as an injnry, bat their improved machinery was 
regarded as a far greater EOur(;e of mischief. In a memo- 
rial preeented to the king in 1621 we find the London 
weavers complaining of the foreigners' competition, but 
ospecjally that " they have made so bould of late as to 
devise engines for working vf tape, lace, ribbin, and such 
like, wherein one man doth more among them than 7 
Englishe men can doe ; so as their cheap sale of commo- 
dities beggereth all our iGnglishe artificers of that trade, 
and enricheth them,"* 

At a much more recent period new inventions have had 
to encounter serious rioting and machine-breaking fury. 
Kay of the fiy-shuttle, Hargreavea of the spinning-jenny, 
and Arkwright of the spinning-frame, all had to fly from 
Ijancashire, glad to escape with (heir lives. Indeed, saj's 
Mr. Bazley, "so jealons were the people, and also ihe 
legislature, of everything calculated to supersede men's 
labour, that when the Sankey Canal, six miles long, near 
Warrington, was authorized about the middle of last cen- 
tury, it was on the express condition that the boats plying 
on it should be drawn by men onlyl"t Even improved^ 
agricultural tools and machinea have had the e 



• State I'apers, Dom. 1621, Tol, I Oreal Exhibition of IS31. 2i 
a, No. 112. 117. 
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ntion to encounter ; and in onr own time bands of mral 
labonrero have gone from ftina to farm breciking drill- 
plonghs, winnowing, threshing, and otbet* machines, down 
even to the ooDunon drills, — not peroetTing that if theii 
policy had proved succesBful, and tools could have been 
effectually destroyed, the hnman race would at once have 
been reduced to their teeth and nails, and civilization 
sammarily abolished.* 

It ia, no doubt, natural that the ordinary class of work- 
men should regard with prejudice, if not with hostility. 
the introduotion of machines calculated to place them at 
a disadvantage and to interfere with their uaual omploy- 
menta ; for to poor and not very far-seeing men the loss of 
daily bread is an appalling prospect. But invention does 
not stand still on that account. Human brains mS work. 
Old tools are improved and new ones invented, super- 
seding existing methods of production, though the weak 
and nnskilled may occasionally be pushed aside or even 
trodden under foot. The consolation which rtmains is, 
that while the few suffer, society as a whole is vastly bene- 
fited by the improved methods of production which are 
euggested, invented, and perfected by the experience of 
successive generations. 

The living race is the inheritor of the industry and skill 
of all past times ; and the civilization we enjoy is but tin- 
Biun of the useful effects of labour during the past cea 
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• Dr. Kirasn, lute President of 
the Royal Irish Aodemy, who had 
travelled much do the contlocat uf 
Enrope, uaed lo relaio, yihat ipraklag 
of th« diffigultj of introducing ini- 
pTOTonaits in th« nrte wd mannlie- 
tulti, BCid of Uie prejudices enUrtained 
f«r old pTBCtices, that, in Nonaandj, 
tlH ramKM had li«a u long sccdb- 
tonxd to the DBe of ploughs whow 
■hirea were made entirely cfiHinl that 
they eoold not lie prevailed on to make 
Uikl dF thoK with iron ; that they 



dcred them to be an idle nnd aee- 

Ita Innovntion on the loag-eslablisheil 
practicu of their nnceators ; and that 
they carried theae ptejudica so far as 
to force the goFemrneDt tn isene aD 
edict on the inhject. And even to the 
ut they were bo obfitiiintfl ia their 
ttachment to ploughshares of vood 
hat a tuTOultUDua opposition wu 
aade (o the enforcement of tht edict, 
ihich for a short tune IlirtatBied a 
.eheltion in the protiDce.^PkitXEi, 
Chemical £nayj, 4th Kd. 473. 




toritt. SSiH per saitum. By gIow and often painful etepi 
Nstnre's secrets have bsGn mastered. Not an effort has 
been made bnt has bad its inflaence. For no human laboui 
is altogether lost ; some remnant of usefnl effect surviving 
for the benefit of the race, if not of the individual. Even 
attempts apparently naeleas have not really been eo, bnt 
have serred in some y&j to advance man to higher know- 
ledge, skill, or discipline, " The loss of a position gained," 
says Professor Thomson, ■' is an event unknown in tliB 
history of man's stniggle with the forces of inanimate 
nature." A single step won gives a firmer foothold for 
fiirther effort. The man may die, but the race anrvivM 
and continues the work, — to use the poet's sinule, mountuig 
on stepping-stones of dead selves to higher selves. 

Phihki^te Chasles, indeed, holds that it is the Human 
Kaoe that is your trae inventor : " As if to unite all gene- 
rations," he says, " and to show that man can only act 
efGciently by association with others, it has been ordained 
that each inventor shall only interpret the first word of 
the problem he sets himself to solve, and that every greai; 
idea shall be the resume tX the past at the same time that 
it is the germ of the fature." And rarely does it happen 
that any discovery or invention of importance is made by 
one man alone. The threads of inquiry are taken up and 
tmced, one labourer Eucoeeding another, each tracing it a 
littlo further, often without apparent resolt. This goes 
on sometimes for centuries, until at length some man, 
greater perhaps than his fellows, seeking to fulfil the 
ncedd of his time, gathers the Tarious threads together, 
treasures np the gain of past sucoesses and failores, and 
uses them aa the means for some solid achievement. Thus 
Nowtfin discovered the law of gravitation, and thus James 
Watt invented the steam-engine. So also of the Loco- 
motive, of which Bobert Stephenson said, " It has not been 
the invention of any one man, but of a race of mechanical 
engineers." Or, as Joseph Bramah observed, in the j 
■mble to his second Look patent, "Among the nombi 



patents granted there iire comparatively few which, can 
called original, so that it ia difficult to eay where tho 
boundaiy of one ends and where that of asothor begins." 
Tha arts are inde(»d reared but slowly ; and it was a 
observation of Lord Bacon that we are too apt to 
those ladders by which they have been reared, and 
reflect the whole merit on the last now performer. Thm, 
what is hailed as an original invention is often found to be 
the result of a long succession of trials and experiments 
gradnally following each other, which ought rather to be 
■eoasidered as a continuous series of achievements of the 
^mnan mind than as the conquest of any single individual. 
It has sometimes taken centuries of experience to ascertain 
the value of a single fact in its various bearings. Like 
himself, experience is feeble and apparently purpose- 
3esB in its infancy, but acquires maturity and strength with 
_ Experience, however, is not limited to a lifetime, 
but ie the stored-up wealth and power of our race. Even 
amidst the death of successive generations it is constantly 
ttdvancing and accumulating, exhibiting at the same time 
weakness and the power, the littleness and the great- 
I of our common humanity. And not only do we who 
live succeed to the actual results of our predecessors' 
Jobonr8,^to their works of learning and of art, their in- 
frentions and discoveries, their tools and machines, their 
roads, bridges, cauals, and railways, — but ta the inhom 
l^ititndea of blood and brain which they bequeath to ub,— 
that " educability," so to speak, which lias been won 
ns by the labours of many generations, and forms our 
tichest natural heritage. 

The beginniDg of most inventions is very remote. The 
ist idea, bom within some unknown brain, passes thence 
ito others, and at last comes forth complete, after a partu- 
Ition, it may be, of centuries. One starts the idea, another 
erelopes it, and so on progressively until at last it ie ela- 
borated and worked oat in practice ; but the first not less 
ifi last is entitled to his share in the merit «f the in^ 
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venticHi, w«re it ooljr poarable to measitre and spportion it 
dulj. Sometimes a great original mind Btrikes apon some 
new Tein of hidden power, and givee a powerfhl impake to 
tlte iDTentive faonltjea of man, which lasts through gene- 
rations. More &eqaentlj, however, inTentions are not 
entirely new, but modifications of contrivances previooftl;' 
known, thongh to a few, and not yet brought into prsdical 
nse. Glancing back over the history of mechanism, we 
(Hx^aaonally see an invention seetningly fhll born, vhtii 
mddenly it drops oat of eight, and we hear no more of it 
for centimes. It is taken tip <h nova by some inventor, sti- 
mulated by the needs of his time, and filing again upon 
the track, he recovers the old footmarks, follows them vp, 
and completes the work. 

There is also snch a thing as inventions being bom before 
their time— the advanced mind of one generation projecting 
that which cannot be executed for want of the requiMte 
means; bnt in due process of time, when meohanism has 
got abreast of the original id(A, it is at length carried out; 
and thus it ie that modem inventors are enabled to effect 
many objects which their predecessors had tried in vain to 
accomplish. As Louis Napoleon has said, " Inventiona bom 
before their time must remain nseleas until the level of 
common intellects rises to comprehend them." For this 
reason, misfortune is often the lot of the inventor before his 
time, though glory and profit may belong to his enccesBors. 
Hence the gift of inventing not nnfrequently involves a 
yoke of sorrow, tlaaj of the greatest inventors have lived 
neglected and died nnreqnifed, before their merits could be 
recognised and estimated. Even if they succeed, they often 
mise up hosts of ononues in the persons whose methods 
they propose to eupersedo. Envy, malice, and detraction 
meet them in all their forms ; they are assailed by combina- 
tiona of rich and unscmpulouB persons to wrest from them 
the profits of their ingenuity ; and last and worst of all, ttte 
Bnocessfid inventor often finds his claims to originality da- 
oriod, and himself branded as a copyist and a pirate. 
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mg the inventioiis bom out of time, and before the 
Worid could make adequate use of them, we can only find 
space to allude to a few, though they are bo many that one 
IB aliQOst diBposed to accept the words of Chancer as true, 
that " There in nothing new but what has once been old ;'' 
or, as another writer pots it, " There ia nothing new but 
■what has before been known and forgotten ;" or, in the 
words of Solomon, " The thing that hath been is that which 
shall be, and there is no new thing nndor the sun." One 
of the most important of theeo is the iiee of Steam, which 
tTOB well known to the ancients ; but though it was used 
to grind dnigB, to turn a spit, and to excif« the wonder and 
fear of the credulous, a long time elapsed before it became 
employed as a »i6efu! motive-power. The inquiries and 
experiments on the subject extended through many ages. 
Friar Bacon, who flourished in the thirteenth century, 
eeems fully to have anticipated, in the following remark- 
able passage, nearly all that steam coTild acoomplish, as 
well as the hydraulic engine and the diving-bell, though 
the flying machine yet remains to he invented : — 

" I will now," says the Friar, " mention some of the 
wonderful works of art and nature in which there is nothing 
of magic, and which magic could not perform, Instrumenta 
may be made by which the largest ships, with only one 
man guiding them, will be earned with greater velocity 
than if they were full of sailura. Chariots may be ccn- 
etructed that will move with incredible rapidity, without 
the help of animals. Instruments of flying may he formed, 
in which a man, sitting at his ease and meditating on any 
Bnbjeot, may beat the air with his artificial wings, after 
the manner of birds. A small instrument may be made to 
raise or depress the greatest weighta. An instrument may 
be fabricated by which one man may draw a thousand men 
to h'rn by fbroe and t^ainst their will; as also machines 
^hich will enable men to walk at the bottom of seas or 
rivera without danger." 

It is possible that Friar Bacon derived his knowled^ 
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of the powers whidi he thus described &oin the tnditioni 
haadaddowiicf foisteriiiTentioDBntiiclihad been neglected 
uA allowed to Ul into oblivion ; for before the inven- 
bon of priBtu^ which en&bled tLe reGnlts of investiga- 
tiOB and expeiience to be treasnred up in booke, there 
WW gntttn^of the iaveiitioaB of one age being lost to 
tke wiMWiiil'Mm genenitions. Yet Disraeli the elder is of 
opuuon thst'tbA B(»nuu had inrented printing without 
hcing aware of h : or parfaaps the senate dreaded the incon- 
Tenitokoes atbrnding its use, and did not care to deprive a 
laige bod; of scribes of their emplojment. Thej even used 
Etereotjpe&, or immovable printing-types, to stamp impies- 
Noos OD thinr potteiy, spocimens of which still exist, in 
China the art of printing is of great antiqnitj. Litho- 
graplij wu well known in Germany, by the very name 
which it still bevs, nearly three hundred years before 
StaoSMtr reisTected it : and specimens of the ancient art 
an yet to bo booh in tha Boyal Unsenm at Mnnich.* 

Steau-looonotioD. by soa and land, had long been dreamt 
of aai attempted. Blaeoo de Garay made his experiment in 
tha Iwrbaar of Barcelona as early as 1543 ; Denis Fapin 
aado a simiiar attempt at Cassel in 1707 ; bat it was not 
wotil Watt had toKed the problem of the staam-^ngine that 
Am ides of tbe stoun-boat could be developed in pmctice, 
whkli was dooe by Uiller of Didawinton in 1788. Sage« 
aiad poeta h&To freqaently fereebadowed inventions of great 
sooial moBwnt. Utob Dr. Darwin's anticipation of the 
looouotm, in his Bataaie Garden, pnblished in 1T91. before 
any looomotiTe hnd been invented, might almost be 
prded •■ prophetic . — 
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Donia r»pm first threw ont the idea of atmoepherie looi> 
not»D ; and Oautbey. another Frenchman, in 1762 ptv 
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Jeoted a method of conveyiiig parcels aai morcliandise by 
BabterraneouB tubes," aft«r the metliod recently patented 
And brought into operation by the London rceumatio 
Despatch Company, The balloon was an ancient Italian 
invention, revived by Mongolfier long after the original 
had been forgotten. Even the reaping machine is an old 
invention revived, ITiua Bamabe Gcioge, the translator of 
a book from the Gennan entitled ' The whole Ai'te and 
Trade of Ilnabandrie,' published in 1577, in the reign of 
mizabeth, epeaks of the reaping-machine as a worn-out in- 
vention — a thing " which was woont to be used in France, 
The device was a towo kinde of carre with a couple of 
wheelea, and the (hint armed with eharpe syokles, whiche, 
forced by tho beaste through the come, did out down al be- 
fore it. This tricke," says Googe, " might he used in levell 
and champion countreys ; but with ub it wolde make hut 
ill-favoured woorfce,"t The Thames Tunnel was thought 
an entirely new manifestation of engineering genins ; 
but the tunnel under the Euphrates at ancient Babylon, 
and that under the wide mouth of the harbour at Marseilles 
(a much more difficult work), show that the ancienta were 
beforehand with us in the art of tunnelling. Macadamized 
roads are as old as the Poman empire ; and suspension 
bridges, though comparatively new in Europe, have been 
known in China for centuries. 

There is every reason to believe— indeed it eeeras clear — 
that the Eomana knew of gunpowder, though they only 
used it for purposes of fireworks ; while the secret of tho 
destructive Greek fire has been lost altogether. When 
gunpowder came to be used for purposes of war, invention 
hnsied itself upon instrumenta of destruction. When re- 
cently examining the JHuaeum of the Arsenal at Venice, we 
' were surprised to find numerous weapons of tho fifteenth 
and sixteenth centuries embodying the most recent Englieh 
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improvemeiite in arma, eucli as revolving pistols, rifled 
mosketa, and breech-loading camion. The latter, embody- 
ing Sir William Armstrong's modem idea, though in a mde 
form, had been fished up from the bottom of the AdriatJo, 
where the ship armed with them had been sank hnndretifl 
of yeara ago. Even Perkins's steam-gim was an old in 
vontion revived by Leonardo da Vinci, and by hini attri- 
buted to Archimedes.' The Congreve rocket is said to 
have an Eastern origin, Sir William Coograve having ob- 
Burvod its destruotive effects when employed by the forcea 
under Tippoo Saib in the Mahratta war, on which he 
adopted and improved the miasile, and bronght out the in- 
vention as his own. 

Coal-gas was regularly used by the Chinese for lightiug 
purposes long before it was known amongst ns. Hydro- 
pathy was generally practised by the Bomane, who esta- 
bliflhod baths wherever thoy went. Even chloroform is no 
new thing. The use of ether as an ansssthetic was known 
to AlhertuB Magnus, who flourished in the thirteenth cen- 
tury ; and in his works he gives a recipe for its prepara- 
tion. In 11)81 Denis Fapin published his Traiti des C^'a- 
tionn sans Douleur, showing that he had discovered methods 
of deadening pain. But the use of anjesthetics is much 
older than Albertns Magnus or Papin ; for the ancients 
had their nepenthe and mandragora ; the Chinese their 
mayo, and the Egyptians their hacliisch (both preparations 
of Cannabis Indioa), the eSecta of which in a great measure 
resemble those of chloroform. "What ia perhaps still more 
surprising is the oircmnstance that one of the most elegant 
of recent inventions, tbat of sun-painting by the daguerreo- 
type, was in the fifteenth century known to Leonardo da 
Vinci.l whose skill as an architect and engraver, and whoso 
accomplishments as a chemist and natural philosopher, have 
been almost entirely overshadowed by his genius as a 
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nunter.* The idea, thus eariy bora, lay in cbllvion nutil 
n60, when the daguerreotype was again clearly indicated 
K a book pnbliBbed in Paris, written by a certain Tiphanie 
■b la Boche, under the anagranimatio title oiGiphantie. Still 
■kter, at the beginning of the present century, we find 
Biomaa Wedgwood, Sir Humphry Davy, and James Watt, 
Making experiments on the action of light upon nitrate 
H silver; ftad only within the last few months a silvered 
kppper-plate has been found amongst the old household 
Kunber of Matthew Boulton (Watt's partner), having on it a 
pspresentation of the old premises at Soho, apparently taken 
^by some each process, f 

I In like manner the invention of the electric telegraph, 
Inpposed to be exclosively modem, waa clearly indicated 
liy Schwenter in hie Delas&emeiits Physico-Matkimatiques, pub- 
Xahed in 1636 ; and he there pointed out how two indivi- 
'dnale oould commimicate with each other by means of the 
etio needle. A century later, in 1746, Le Monnier 
exhibited a series of experiments in the Boyal Gardens at 
^is, showing how electricity could bo transmitted through 
iwm wire 950 fathoms in length ; and in 1753 we find one 
ibailes Marshall publishing a Tetaarkable description of 
eleotrio telegraph in the Scots Magazine, under the title 
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a few pegee, to BX to sitik* us with 
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t The plate ii now lo be seen at 
the Museum of PatenU at South Keu- 
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of ' An expeditious Method of oonTeying InteUigenoe." 
Again, iu 1760, we find George Louie Lesage, professor of 
mathematics at Geneva, promulgating his invention of an 
electric telegi'aph, which he eventually completed and set 
to work in 1774. This instrument was composed of twenty- 
four metallic wires, separate from each other and enclosed 
in a non-conducting substance. Each wire euded in & 
stalk mounted with a little ball of elder-wood Buspeuded 
by a ailk thread. When a stream of electricity, no matter 
how slight, was sent through the wire, the elder-ball at the 
opposite end was repelled, such movement designating some 
letter of the alphabet, A few years later we find Arthur 
Young, in his D-avels in France, describing a similar machine 
invented by a M. Lomond of Paris, the action of ■which he 
also describes,* In these and similar cases, though the idea 
was born and the model of the invention was actually made, 
it etill waited the advent of the scientific mechanical in- 
ventor who should bring it to perfection, and embody it 
in a practical working form. 

Some of the most valuable inventions have descended^ 
us without the names of their authors having been 
served. We are the inheritors of an immense legacy of tike 
results of labour and ingenuity, but we know not the names 
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|Bf our benefactors. Who invented the watch a 

ftime? Who invented the iast &a& looeo pulley? Who 
Hinvented the eccentrio ? AVho, aeke a mechanical in- 
Iqnirer,* "invented the method of cutting screws with 
Irtooks and dies ? Whoever he might be, ho was certainly 
K& great benefactor of his species. Yet (adds the writer) 
^lue name is not known, though the invention has been so 
." This is not, however, the case with most modem 
1 invention B, the greater number of which are more or leas 
' disputed. Who was entitled to the merit of inventing 
printing has never yet been determined. Weber and Sene- 
felder both laid claim to the invention of lithography, 
though it was merely an old German art revived. Even 
the invention of the penny-postage system by Sir Eowland 
Hill is disputed ; Dr. Gray of the British Museum claiming 
to be its inventor, and a French writer alleging it to be an 
old French invention.t The invention of the steamboat 
liaa been claimed on behalf of Blasco de Garay, a Spaniard, 
Papin, a Frenchman, Jonathan Hulls, an Englishman, and 
Patrick Miller of Dalswinton, a Scotchman. The inven- 
tion of the spinning machine has been variously attributed 
to Paul, Wyatt, Hargreaves, Iligley, and Arkwright. The 
invention of the balance-spring was claimed by Huyghens, 
i Dutchman, Hantefeuille, a Frenchman, and Hooko, an 
Englishman. There is scarcely a point of detail in the 
locomotive but is the subject of dispnto. Thus the inven- 
tion of the blast-pipe is claimed for Trevithick, George 
fitophen8on,Goldsworthy Gumey, and Timothy Eackworth; 
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thnt of the tabular boiler by Seguin, Stevens, Booth, and 
VV. II. James; that of the link^inotioii by John Gray, Ha^h 
WilliamB, and Eobert Stephenson, 

Indeed many inventions appear to be coincident. A 
niunbor of minds are working at the same time in the same 
track, with tho object of supplying some want generally 
felt 1 and, gaided by the same experience, they not unfre- 
qiicntly arrive at like rosulte. It has sometimes happened 
that the inventors have been separated by great distances, 
BO that piracy on the part of either was impossible. Thns 
Uadley and Godfrey almost simnltaneously invented the 
quadrant, the one in London, the other in I'hiladelphia ; 
and the process of electrotyping was invented at the same 
time by Mr. Spencer, a working chemist at Liverpool, and 
by Professor Jacobi at St. Petersburg. The safety-lamp 
was a coincident invention, made about the same time by 
Sir Hamphiy Davy and George Stephenson ; and perhaps 
a atill more remarkable instance of a coincident discovery 
was that of the planet Neptune by Leverrier at Paris, and 
by Adams at Cambridge. 

It is always difficult to apportion the due share of merit 
which belongs to mochanioal inventors, who are accus- 
tomed to work upon each other's hints and sug^stions, as 
well as by their own experience. Borne idea of this diffi- 
culty may be formed from the £ict that, i n the course of our 
investigations as to the origin of the planing machine — one 
of tho most useful of modem tools— we have fonnd that it 
has been claimed on behalf of six inventors — Fos of Derby, 
Huberts of Manchester, Matthew Murray of Leeds, Spring 
of Aberdeen, Clement and George Hennie of London ; and 
there may be other clainmnts of whom we have not yet 
heard. But most mechanical inventions are of a vety 
composite cbaraoter, and are led np to by the labour and 
the study of a long succession of workers. Thus Savaiy 
and Newcomen led np to Watt ; Cugnot. Murdock, and J 
Trevithick to the Stephensons ; and Mandslay to Clement, J 
Eoberte, Nasmytfc, ^Vhitworth, and maty more '»E>chaiuoall 
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inventors. There is aoarcely a process in the arts but has 
in like maimer engaged mind after mind in bringing it 
to perfection. " There is nothing," says Mr. Hawkshaw, 
;" really worth having that man has obtained, that haa not 
been the result of a combined and gradaal process of in- 
Yestigation. A gifted individual comes across some old 
footmark, stnmbles on a chain of previous rosearoh and 
inqairy. He meets, for instance, vrith a machine, the 
result of much previona labour; he modifies it, pulls it to 
pieces, oonstniots and reconstructs it, and by further trial 
and experiment bo arrives at the long sought-for result."* 
But the making of the invention is not the sole difBouUy. 
It is one thing to invent, said Sir Marc Brunei, and another 
thing to make the invention work. Thus when Watt, 
aftor long labour and study, had brought his invention to 
.completion, he encoimtered an obstacle which has stood in 
the way of other inventors, and for a time prevented th* 
introduction of their improvements, if not led to their 
being laid aside and abandoned. This was the circum- 
stanoe that the machine projected was so much in advance 
of the mechanical capability of the age that it was with 
the greatest difBonlty it could be executed. When labour- 
ing upon his invention at Glasgow, Watt was baffled and 
thrown into despair by the olumsineEs and incompetency 
of his workmen. Writing to Dr, Eoebuck on one occasion, 
he Baid, " You ask what is the principal hindrance in 
erecting engines? It is always the smith-work." His 
first cylinder was made by a whitesmith, of hammered iron 
■oldered together, but having nsed quicksilver to keep 
the cylinder air-tight, it dropped through the inequalities 
info the interior, and " played the devil with the solder." 
Ifet, inefficient though the whitesmith was. Watt could ill 
■pare him, and we find him writing to Dr. Boebuck almost 
In despair, saying, " My old white-iron man is dead 1 " feel- 
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ing his loss to be almcst irreparable. His next ojlindet 
was cast and bored at Carron, but it was go nntme that it 
proved next to tieeloas. The piston could not be kept steam 
light, notwithstandiiig the various expedients which wan 
adopted of stuffing it with paper, cork, putty, pafiteboard, 
and old hat. Even after Watt had removed to Bimuog 
ham, and he had the assistance of BouHon'e best workmen, 
Smeaton expressed the opinion, when he saw the engine at 
work, that notwjIliBtanding the excellence of the inven- ' 
tion, it could never bo brought into general use because oE 
the difficulty of getting its various parts manufactured wiHi 
sufficient precision. For a long time we find Watt, in hia 
letters, complaining to his partner of the failure of his 
engines through "villainous bad workmanship." Sometime^ 
the cylinders, when cast, were found to be more than ai^ 
eighthof an inch wider at one end than the other; andiinder^ 
such circumstances it was impossible the engine could ao^S 
with preciflion, Yet better work could not be had. Firal 
rate workmen in machinery did not as yet exist ; they^ 
were only in prooess of education. Nearly everytliing 1 
to be done by hand. The tools used were of a very im — 
perfeot kind. A few ill-constructed lathes, with some drill^V 
and boring-machines of a rude sort, constituted the prin— - 
cipal furniture of the workshop. Years after, when BmnoE- 
inventod his block-machines, considerable time elapsei 
before be oould find competent mechanics to oonetrucfc 
them, and even after they had been constructed ho bad- 
equal difficulty in finding competent hands to work them.* 
Watt endeavoured to remedy the defect by keeping 
certain seta of workmen to special classes of work, alloW' 
ing them to do nothing else. Fathers were induced to 
bring up their sons at tlie same bench with themselves, 
and initiate them in the dexteiity whiah fbey had acquired 
by experienoe ; and at Soho it was not unusual for the 
same precise line of work to be followed bj' members of th? 

* BsiMtSK'B Memoir efBir I. M. BrvMl, 79, SO, 
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same family for three generations. In this way as great 
ft degree of accuracy of a mechanioal kind was arrived at 
waa practicable under the oircumBtunoes. But notwithstand- 
ing all this care, accuracy of fitting could not bo seoured 
so long as the manufacture of steam-engines was condncied 
mainly by hand. There waa usually a considerable waste 
of steam, which the expedients of chewed paper and greased 
hat packed outside the piston were insufS-ciont to remedy, 
and it was not until the iurention of automatic machine- 
tools by the mechanioal engineers about to be mentioned, 
that the manufacture of the steam-engine became a matter 
of comparative ease and certainty. Watt was compelled to 
lest satisfied with imperfect resuHe, aiising from imperfect 
workmanship. Thus, writing to Ur, Small respecting a 
cylinder 38 inches in diameter, he said, "at tho worst 
place the long diameter eKCeedod the short by only three- 
eighths of an inch." How different from the state of things 
at this day, when a cylinder five feet wide will be rejected 
as a piece of imperfect workmanship if it be foimd to vary 
in any part more than the 60th part of an inch in diameter I 
Not fifty years since it was a matter of the utmost difS- 
oulty to set an engine to work, and sometimes of equal difli- 
cnlty to keep it going. Though fitted by competent work- 
men, it often would not go at alL Then the foreman of 
Uie factory at which it was made was sent for, and ho 
would almost live beside the engine for a mouth or more ; 
and after easing her here and screwing her up there, put- 
ting in a new part and altering an old one, packing the 
piston and tightening the valves, the machine would at 
length be got to work." Now the case is altogether dif- 
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fereut. Tbo peTfoctlun of modorn macliuie-toolfl is Bach 
that the utmost possible preoisioii is secured, and the me- 
chanical Guginoor con calcubte on a degree of es&ctitnde 
that does not admit of a deviation beyond the thousandth 
part of an inch. When the powerful oscillating eogi 
of tho ' Warrior ' were put on board that Bhip, the j 
consisting of some five tbousand eepaiato pieces, 
brought from the different worlcshops of the Measre. Fenn ai 
Sons, ■where they had been made by workmen who knew 
not the places they were to occupy, and fitted together 
with svch precision that so soon as the steam was raised 
and let into the cylinders, the inunense machine began as 
if to breathe and move like a living oreatnre, stretching 
its huge arms like a new-born giant, and tben, after prac- 
tising its strength a little and proving its soundness in 
body and limb, it started off with the power of above a 
thousand horses to try its strength in breasting the billows 
of tho North Sea. 

Such are among the triumphs of modem meohanical en- 
gineering, due in a great measure to the perfection of the tools 
by means of which all works in metal are now faahioned. 
These tools are themselves among the most striking 
results of the mechanical invention of the day. They 
are automata of the moat perfect kind, rendering the engine 
and machine-maker in a gi'eat measure independent of in- 
ferior workmen. For the machine tools have no unsteady 
haud, arc not careless nor clumsy, do not work by rule of 
thumb, and cannot make mistakes. They will repeat their 
operationa a thousand times without tiring, or varying one 
hair' 8 breadth in their action; and will uim out, without 
complaining, any quantity of work, all of lika accuracy and 
finish. Exercising as they do so remarkable an inSuence 
on the development of modern industry, we now propose, 
BO far as the materials at our disposal will admit, to give 
an account of their principal inventors, beginoing with ih$ t 
Bohool of Bramah. 




TTsB inventive faculty is bo strong ia some men that it may 
^)o said to amount to st passion, and cannot bo rostraiued. 
TThe saying that the poet is bom, not made, applies with 
equal force to the inventor, tvho, though indebted like the 
odier to culture and improved opportunitiee, nevertheless 
invents and goes on inventing mainly to giutify his own 
instinct. The inventor, however, ia not a creator like the 
poet, but chiefly & finder-out Ilis power cunsiBts in a 
great measure in quick perception and accurate observation, 
and in seeing and foreseeing the effects of certain mecbani- 
oal combinations. He must possess the gift of insight, as 
Trail as of manual dexterity, combined with the indispens- 
able qnalitiea of patience and perseverance, — for though 
baffled, as he often is, he must be ready to rise up again 
oncouquerod even in the moment of defeat. This is the 
staff of which the greatest inventors have been made. The 
subject of the following memoir may not be entitled to 
takft rank as a first-class inventor, though he was a most 
prolific one ; but, as the founder of a school from which 
proceeded some of the most distinguished mechanics uf our 
time, he is entitled to a prominent place in this series of 
Biemoirs. 

Joseph Brautah was bom In 1748 at the village of Stain- 
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borongli, u&ix Barofiley in Yorksliire, wlieie his fatlier rented I 
ft Biuall &na under Lord Strafford. Joseph was the eldest I 
of five children, and was early destined fo follow 
ploogh. After receiving a email atnonnt of educatioii at ' 
the villi^e achool, he was set to 'work upon the &rni, 
From an early period he showed signs of oonstnictire 
akill. When a mere boy, he occupied hia leisure hours in 
making musical institunents, and he succeeded in executing, 
some creditable pieces of work with very imperfect tools- 
A violin, which he made out of a solid block of wood, wa^ 
long preserved as a curiosity. He was so fortunate as b^ 

make a friend of the village blacksmith, whose smithj^ 

he was in the practice of frequenting. The smith was an^^ 
IngeoioUB %vorkma,n, and, having taken a liltin g for the 
boy, ho made sundry tools for him out of old files t ~ 
razor blades ; and with these his fiddle and other pieces o^^^ 
work were mainly executed. 

Joseph might have remained a ploughman for life, bul; ^'"^ 
for an accident which happened to his right ankle at tha^^ 

i»go of 16i which unfitted him for larm-work. While con 

fined at home disabled, he spent his time in carving and— 
making things in wood; and then it occurred to him tJiat,. 
though he could not now be a ploughman, he might be ^ 
mechanic. ^Vhen sufficiently recovered, he was accord- 
ingly put apprentice to one Allott, the village carpenter, 
nnderwhom he soon became an expert workman. Be could 
make ploughs, window -frames, or fiddles, with equal dex- 
terity, lie also made violoncellos, and waj) no fortunate as 
to sell one of his making for three guineas, which is still 
reckoned a good instrument. He doubtless felt within him 
the promptings of ambition, such aa every good workman 
feels, and at all events entertained the desire of rising in 
his trade. When his time wEts out, he accordingly resolved 
to seek work in London, whither he made the journey on 
foot. He soon found work at a cabinet-maker's, and re- 
mained with him for some time, after which he set up 
bluiueSB in a vety small way ca hia own account. An 
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which happened to him in the course of his duily 
i^Torb, again proved his helper, by affording him a dogrce of 
[Xeisare 'which he at once proceeded to turn to eome useful 
scGonnt. Fart of his business consisted in putting up 
''irater-closets, after a method invented or improved by a 
3Ir, Allen; but the article was still veiy imperfect; and 
Sramah had long resolved that if he could only secure 
some leisure for the purpose, he would contrive some- 
thing that should supersede it altogether. A severe fall 
which occurred to him in the course of his buBiness, and 
laid him up, though very much against liis will, now af- 
forded him the leisure which he desired, and he proceeded 
to make his proposed invention. He took out a patent for 
it in 1778, describing himself in the Kpeoiflcation as " qf 
Cross Court, Camahy Market [Golden Square], Middlesex, 
Cabinet Maker," He afterwards removed to a shop in 
Denmark Street, St. Giles's, and while there he made a fur- 
ther improvement in his invention by the addition of a 
water cock, which he patented in 1 783. The merits of the 
machine were generally recognised, and before long it came 
into extensive use, continuing to be employed, with but 
few alterations, until the present day. His circumstances 
improving with the increased use of his invention, Bramah 
proceeded to undertake the manufacture of the pumps, 
pipes, &Q., required for its conatniction ; and, remembering 
his friend the Yorkshire blacksmith, who had made bis 
first tools for hiin out of the old files and razor-blades, he 
sent for him to London to take charge of his blacksmith's 
department, in which he proved a most useful assistant. 
As nsaal, the patent was attacked by pirates so soon aa it 
became productive, and Bramah was under the necessity, 
on more than one occasion, of defending his property in the 
invention, in which he was completely successful. 

We next find Bramah turning his attention to the inven- 
tion of a lock that should surpass all others then known. 
The locks then in use were of a very imperfect character, 
tadly picked by dexterous thieves, against whom they af- 
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forded little protection. Yot locks are a very ancient ii 

tion, t]]ougli, as in many other cases, the art of iiiakiD£ 
seems in a great measnre to have become lost, and a 
ingly had to be found ont anew. Thus the tumbler li 
which consists in the use of moveable impediment & 
by the proper tey only, as oontradistingnished from the n 
nary ward locks, where tha impediments are fixed — app« 
to have been well known to the ancient Egyptiai 
representation of such a lock being found sculptured ai 
the bas-reliefs which decorate the great temple at E" 
This kind of lock was revived, or at least greatly ii 
by a Mr. Barron in 1774, and it wm shortly after tlia d 
that Bramah directed his attention to the subject. After 
much study and many experiments, he contrived a lock 
more simple, more serviceable, as well as more eecure, than 
Barron's, as is proved by the (act that it has stood the t«et 
of nearly eighty years" experience,* and still holds ita 
ground. For a long time, indeed, Bramah's lock wu 
regarded as absolutely inviolable, and it remained unpicked 
for sixty-seven years, until Hobbs the American mastered 
it in 1851. A notice had long been exhibited in Bramah'n 
shop-window in Piccadilly, olfering 200?. to any one who 
should succeed in picking the patent lock. Many tried, 
and ail failed, until Hobbs succeeded, after sixteen days' 
manipulation of it with various elaborate instruments. 



■ The lock invBHtal bj Bramah waj 
pawmed in 1784, Mr. lii-amah him- 
be\t' full^ set foi'th IJie Epecific nifiibi 
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to mlmitof ibi proper Hclion. We Imj 
mention in passtug that the aecuri^ 
of Bramah's lock> dependa on the doc- 
trine of combinatiora, or multipliiv 
tion of itumbfrs inUi rach other, whiil 
is known to increase in the most rapU 
proportion. Thui, a look of gveitida 
admits of 3,000 ruin^ons, while oni 
of eight will tuiie no leu than 1.935,360 
changes ; in other words, that Dumber 
of attempts at making n key, or ift 
picking it, may be m ' ' "■ '" — 



J 



the difBcult; witl; which the lock was picked showed 
Bt, for all ordinary purpoBee, it might bo pronounoed 



Xbe new locks were machinos of the most delicate kind, 
BaoUon of which depended in a-g^-eat measure upon tlie 
lIseiBioii with which the springs, sliders, levers, barrels, 
1 other parts wore finished. The merits of the in- 
Ution being generally admitted, there was a coniiidi.'r' 
e demand for the locks, and the necessity thus arose 
T inventing a series of original machine-toolB to enable 
a to be maaufactured in suffiaient quantities to meet 
demand. 1* is probable, indeed, that, but for the con 
tmmod of such tools, the look could ne^er have come uito 
|;oieral use, hb the skill of hand-workmen, no matter how 
ilparienced, could not have been relied upon for tnniing 
A the article with that degree of accuracy and finish in 
lU the parts which was indispensable for its proper action. 
b conducting the manu&cture tliroughout, Bramah was 
iMatly assisted by Henry Mauds! ay, hie foreman, to whom 
" 1 no small degree indebted for the contrivance 
iftlioso tool-machines which enabled him to carry on the 
8 of lock-making with advantage and profit. 
Bramah'K indefatigable spirit of invention was only 
ttbniilated to fresh eiforts by the success of his lock ; and 
IB the course of a few years we find him entering upon a 
»M6 important and oiigina! line of action than ho had 
JBt ventured on. His patent of 1785 shows the direction 
Afhisstudies. Watt bad invented his steam-engine, which 
U coming into general use ; and the creation of motive- 
IWBT in variouB other forms became a favourite subject 
t inquiry with inventors. Bramah'e first invention with 
a object was his Hydrostatio Machine, founded on the 
ricBtrine of the equilibrium of pressure in fiuids, as ex- 
1 the well known ' hydrostatic paradox.' In his 
But of 1785, in which he no longer describes himself as 
D&binet maker,' but 'Engine maker' of Piccadilly, ha 
idiooted many inventions, though none of them came into 
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practical nee, — Bnch as a Hydi-ostatical Machine and Bouer | 
■nd the applicatioD of tke power produced by them to the 
drawiDg of carriages, and the propelling of ships by t 
paddJo-wheel fixed in the stem of the vesBel, of which 
drawings are annexed to the epocification ; but it whs c.~t 
until 1795 that he patented his Hydrostatic or Hydraulic 
Press. 

Though the principle on which the Hydranlio Frees it 
founded bad long been known, and formed the subject of 
much curious speculation, It remained xinproduotive of 
results until a comparatively recent period, when the ide» 
occurred of applying it to mechanical purposes. A machiiiB 
of tbo kind was indeed proposed by Pascal, the eminent 
philosopher, in 166i, but more than a century elapsei 
before the difSculties in the way of its construcWon were 
satisfactorily overcome. Bramah's machine consists of I 
large and massive cylinder, in which there works aa aooQ- 
ratsly-fitted solid piston or plunger. A forcing-pump of veij 
small bore commnuicatea with the bottom of the cylinder, 
and by the action of the pump-handle or lever, exceeding 
small quantities of water are forced in succession beneatli 
the piston in the large cylinder, thus gradually raising it» 
up, and compTessing bodies whose bulk or volume it i 
intended to reduce. Hence it is most commonly used as 
packing-presa, being superior to every other contrivance 
of the kind that has yet been invented ; and though ai 
ciaing a prodigious force, it is so easily managed that a boj^ 
can work it. The machine bos been employed on mj 
estraordinary occasions in preference to other methods 
of applying power. Thus Itobert Stephenson used it to^ 
hoist the gigantic tubes of the Britannia Bridge into tbei 
bed,* and Brunei to launch the Great Eastern steamabi]_ 
from her cradles. It has also been used to cut bars of iroo,,^ 
to draw the piles driven in forming coffer dams, and 

I liDgle pieea at the Bribumia Gri<^ i 



Trrench up trees by the roots, all of which feats it accom- 
^lishea with oomparj.tive ease. 

The prinoipal difficulty experienced in constructing the 
Iiydra^iilic press before the time of Bramab aroise from the 
tiemendoQB pressure exercised by the pump, which forced 
tiie water through between the solid piston and the side of 
ike cylinder in which it worked in such qnantitics as to 
render the press useless for practical purposes. Eramob 
,liiii)8elf was at first completely baffled by this difficulty. It 
^will be observed that the problem was to secure a joint 
mfBciently free to let the piston slide iip through it, and at 
lie same time so wuter-tight as to withstand the internal 
force of the pump. These two conditions seemed so con- 
flicting that Bramah was almost at hia wit's end, and for a 
time despaired of being able to bring the machine to a 
Btarto of practical efficiency. None but those who have 
Ooonpied themselves in the laborious and often profitless 
task of helping the world to new and useful machines can 
Iiave any idea of the tantalizing anxiety which arises from 
B apparently petty stumbling-blocks which for a while 
ipede the realization of a great idea in mechanical inven- 
tioiJ. Such was the case with the water-tight arrangement 
in the hydraulic press. In his early experiments, Bramah 
bied the expedient of the ordinary stufBng-box for the 
purpose of seoni-ing the required water-tightness. ITiat is, 
ft coil of hemp on leather washers was placed in a recess, 
BO as to fit tightly round the moving ram or piston, and it 
was further held in its place by means of a compressing 
twUar forced hard down by strong screws. ITie defect of 
this arrangement was, that, even supposing the packing 
could be made sufficiently tight to resist the passage of the 
water urged by the tremendous pressure from beneath, 
inoh was the grip which the compressed material took of 
the ram of the press, that it could not he got to return 
down after the water pressure had been removed. 

In this dilemma, Bramah's ever-ready workman, Heury 
Uaudfilay, came to bis rescue. The happy idea occurred to 
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him of employing the presauro of the water itself to givB I 
the requisite water-tightness to the collax. It was a flaeli J 
of oominoii-senHe genius — beautiful through, its very aimpH- 
citj. The result waa Mandslay's self-tightening collav, the 4 
action of which a few words of description will render easily 
iutetligible. A collar of aonnd laather, the convex eiile up- 
wards and the concave downwards, was fitted into the 
reoesH turned out in the neck of the press-cylinder, at the 
place formerly used as a stuiSag-box. Immediately on th» 
high pressure water being turned on, it forced ite way iaU>- 
tJio leathern concavity and ' flapped out ' the bent edges ol 

the collar ; and, in bo doing, caused the leather to apply 

itself to the surface of the rising ram with a degree of ^ 
olosoneas and tightness so as to seal up the joint the olofier"T^:^ 
exactly in proportion to the -pressure of the water in il^^^ 
tendency to escape. On the other hand, the moment th«^^B 
pressure was let off and the ram desired to retnm, the^^^ 
collar collapsed and the ram slid gently down, perfectly ^ 

free and yet perfectly water-tight. Thus, the former tend 

enoy of the water to escape by the side of the piston was^^^ 
by this most simple and elegant self-adjusting contrivanoe ■*" 
made instrumental to the perfectly efficient action of the ^ ^^ 

machine ; and from the moment of its invention the hy- 

draulio press took Itn place as one of the grandest agents ^f^ 
for exercising power in a concentrated and tranquil form, ^^ 
Bramah continued his usoful labours as an inventor foi ^^| 
many years. His study of the principles of hydraulics, is ^^| 
the course of his invention of the press, enabled bim t« ^^| 
introduce many valuable improvements in pumping-ma- 
chinery. By varying the form of the piston and cylinder 
he was enabled to obtain a rotary motion,* which he 



* Dr. ThtHDM Toung, in his article 
on Biamoh in the Etui/ciopadia Bri- 
Uamlea, dencrilm the " rolatiyo prin- 
di^la'* as c<KWBtiiig in nukjn^ the 
part yiiivii nets immalialely na Ihe 
WHter in the form of a sUder, awwpiog 
raDud 1 cjiindrical cailt)', aud kept 



in Ms place bj mani of an ecooliic 
groove ; a contiiTinee which wm pro- 
bahlj Bnunah'a own iDTention, but 
whidi had b»n befon docrilml, io 
e toi-m D«arlj lunjlar, t^ BuDiD^ A 
Cnmillai, Anpntma, Prince Sopat J 
ami Dr. Hooks. " 
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idvattageo'isly applied to many jmrposos. Thus he adopted 
he weU known flre-engine, the use of which hiia 
almost become universal. Another popnlar machine of his 
ia tJie beer-pump, patented in. 1797, by which the publican 
is enabled to raise from the casks in lie cellar beneath, the 
Tariooa liquors sold by him over the counter. He also 
took out several patents for the improvement of the steam- 
igine, in ■which, however, Watt loft little room for other 
inventors; and henco Bramah seems to have entertained a 
I against Watt, which broke out fiercely in the evi- 
dence given by him in the case of Bonlton and Watt vemus 
Hornblower and Maberly, tried in December 1796. On 
that occasion his temper seems to have got the better of 
his judgment, and he was cut short by tho judge in the 
attempt which he then made to submit the contents of the 
.mphlet subsequently published bj- him in the form of a 
ittor to the judge before whom the case waa tried.* In 
Vat pamphlet he aigued that Watt's specification had 
p definite meaning ; that it was inconsistent and absurd, 
id could not possibly be understood; that the proposal to 
Xsk steam-engines on the principle of condensation was 
tirely fallacious; that Watt's method of packing the 
was "monstrous stupidity;" that tho engines of 
awoomen (since entirely superseded) were infinitely su- 
^rior, in all respects, to those of Watt; — conclusions 
which, we need scarcely say, have beon refuted by the 
experience of nearly a century. 

On the expiry of Boulton and Watt's patent, Eramah 
introduced several valuable improvements in the details of 
&e condensing engine, which had by that time become an 
esteblished power, — the most important of which was his 
"four-way cock," which ha so arranged as to revolve oon- 
tinuoosly instead of alternately, thus insuring greater pre- 

" A ZHta- to t\s Eight Eon. Sir I Moatr and Maberly, /or lafritgemnU 
JaniU Eyn, Lord Chief Jiatice of on. Mr. WatCs Falmifor tin /mproBt. 
tit Oaami'm Pleas, on tie nbjsol 0/ •aentofl'ii Stcixm h'ngitu. ByJow^ 
Hi aoite Bovjton and Watt v. Horn- \ Bramsh, EogiiiMr. LddiIhi, 1797, 
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oiBiDn with coueiderably leas wear of parts. In Ibe si 
pateat by -nhich ho Booured this invention ia 1301, ho I 
abo proposed sundry improvemontB in the boilers, as well 
an modifications in varions parts of the engine, with the 
object of effecting greater simplicity and directneos of 
action. 

In his patent of 1802, wo find Bramah mftlriTig another 
great stride in mechanical invention, in his tools " for pro- 
ducing straight, smooth, and parallel surfaces on wood and 
other materials requiring truth, in a manner much more 
expeditious and poriect tban can be performed by the use 
of axes, saws, planes, and other cutting instruments used 
by hand in the ordinary way." The specification describes 
the object of the invention to be the saving of manual 
labour, the reduction in the cost of production, and the 
superior character of tbo work executed. ITie tools were 
fixed on frames driven by machinery, some moving in a 
rotary direction round an upright shaft, some with the 
shaft horizontal like an ordinary wood-tuming lathe, while 
in others the tools were fixed on frames sliding in sta- 
tionary grooves. A wood-planing machine • was con- 
structed on the principle of this invention at Woolwich 
Arsenal, where it atill continues in efficient use. The axis 
of the priacipal shaft was supported on a piston in a vessel 
of oil, which considerably diminished the Motion, and it 
was so contrived as to be accurately regulated by means of 
a small forcing-pump. Although the machinery described 
in the patent was first applied to working on wood, it was 
equally applicable to working on metals ; and in his own 
shops at Pimlico Bramah employed a machine with revolving 
cutters to plane metallic surfaces for his patent locks and 
other articles. He also introctucod a method of turning 
spherical s-iirfaces, either convex or concave, by a tool 



* Sir Samuel Bentham and Mirc | oT whicJi will U found to Hie Memoin 
iBsrabBrd Brunei eiihseqaentl; distia- of the fonner by Ladj Benthius, aD4 
gauhnl themHlTu bj the inTcntioD of in the Life of the UH«r bf Hr 
irood-WD'Idiigmachinery, fullacoiuutt I Bcmnish. 
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moveable on an axie perpendicular to that of the lathe; 
and of cutting out concentric shells by fixing in a similar 
manner a cvcTcd tool of nearly the game form ae that em- 
ployed by common turners for making bowls, " In foot," 
saya Mr. Mallet, " Bramah not only anticipated, but oarried 
out npon a tolerably large Bcale in his own work§ — for the 
conetniction of the patent hydraulic preee, the water-closet, 
and his locks — a Burpriaingly lai^e proportion of onr mo- 
dem tools."' TTJH remarkable predilection in favour of 
the nse of hydraulic arrangements is displayed in his spo- 
oification of the surfece-planing maohinery, which inoludos a 
method of running pivots entirely on a fluid, and raising and 
deprossingthem at pleasure by means of asmallforcing-pnmp 
and atop'Oook,— though we are not aware that any practical 
use has ever been made of this part of the invention. 

Bramah's inventive genius displayed itself alike in small 
things as in groat — in a tap wherewith to draw a glass of 
beer, and in a hydraulio machine capable of tearing up a 
tree by the roots. His powers of contrivance seemed inoi- 
haustible, and were exercised on the most various subjeota. 
When any difBoulty occurred which mechanical ingenuity 
was calculated to remove, recourse was usually had to 
Bramah, and he was rarely found at a loss for a contrivance 
to overcome it. Thus, when applied to by the Bank of 
England in 1806, to construct a machine for more acoo- 
rately and expeditiously printing the numbers and date 
lines on Bank notes, he at once proceeded to invent the 
requisite model, which he completed in the course of a 
month- He subsequently brought it to great perfection — 
the figures in numerical succession being changed by the 
action of the machine itself, — and it still continues in re- 
gular use. Ite employment in the Bank of England alone 
saved the labour of a hundred clerks ; but its chief value 
its greater accuracy, the perfect l^ibility of 
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tho figures printed by it, and the greatly improied cbeck 
which it afforded. 

We next find him oocTipying hitnuelf with inventioM 
ooimected with the manufacture of peris and paper. Hie 
little pea-making machine for readily mafciug quill pens 
long contiDUed in use, until dri^n out by tho invention 
of the stool pen ; but hia patent for maVing paper by ma- 
chinery, though ingenious, like everything be did, does not 
seem to have been adopted, the inventions of Foordrinier 
and Donkin in this direction having shortly superseded 
all otbers. Among his other minor jnventiona may he 
mentioned his improved method of oonstrooting and sledg- 
ing carri^e-wheels, and his improved method of laying 
water-pipes. In his spocification of the last-mentioned iu- 
vcntiou, he included the application of water-power to the 
driving of machinery of every description, and for hoisting 
and lowering goods in docks and warehouses, — since car- 
ried out in practice, thoogh in a different manner, by Six 
William Armstrong,* la this, aa in many other 



* In thii, IS m other mctliods of em- 
ploying ponr, th« modems had been 
witidpntcd by the lodeDts ; and though 
h jdnulic nwdiuierj U a comparntivin; 
nccDt ioventton in Enj^laod, it itd 
long been in usB abroad. Thu> ne 
liud in Dg-. Bright'! TVateb in Lover 
Utagtry a full descriptioD of 
powoHol b jdraullc fnachlnery inn 
\<-j M. HSII, Chief Euginiwr of the 
Imperial UinM, nhidi hxd been 
iiae Huoa the Tear 1748, in pumping 
■ruber (ma a depth of 1800 feet, Jrom 
Ihe (liver and fAi miiMS at Schc 
bIU and KnuiortJi. A head of vra' 
«u callHtcd bjr farmitig a roar 
■long the mountain aide, fiua which 
It wu eoaduuted thniugh vatei^tLgbt 
nwl-irni pipm enolnl iierpnodlcalnrl; 
in lh« miniMluilt, ,\liiiiit lorty-jk' 
liUhumi iIkwii, Die writer i)«Hvuiliii< 
thiough the pipe wh ttrnad \t] tli 
««l|[ht of the oidiiinu abut* It into lit 



.tt«|^ 
■der.'^l 



bottom of a pcrpendicuUr cylinder, 9 
irhich it railed a waler-tight {hbUl. 
When forced up to a giten point a 
FiElf'OcUne Blj>|>-cock fihut uff the pres- 

a Belf4cting valve enabled the water 
contained m the cylinder to be dis- 
chai^^ on which the piston again 
deacended, and the proce» was repeated 
like the luoreeaiTe itrokB of a ateiUD- 
engine. Pump-rods were attache.! to 
this hydraulic epporatufi, which ware 
carried to the button of the abaft, and 
each worked a pump at different levek, 
raiting the wnter etnge by stage to 
the level of the main adit. The pumpn 
of tbcu three several etagea each railed 
1790 eabig feet of water from a depth 
of 600 feet in tlie boor. The itgular 

ty the eniplovment of n bcJeniw-bnun 
oinmieled by a chuin with the heul of 
tile large pifton and puuip-rod^ ; and 
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B»mah shot ahead of the mechanioal Docossities of hia 
limo J and hence many of Mb patents (of whicli ho held at 
ono time more than twenty) proved aJtogother profitlosa. 
His last patent, taken oat in 1814, was for the application 
of Boman cement to timber for the purpose of preventing 
dry rot, 

- Besides his various machauical pursuits, Bramah also 
ibllowod to a oartain extent the profession of a civil en- 
gineer, though his more urgent engagements rendered it 
necessary for him to refuse many advantageous oflfera of 
employment in this line. He was, however, led to carry 
ont the new water-works at Norwich, between the years 
1790 and 1793, in consequence of his having been called 
lipon to give evidence in a dispute between the corporation 
of that city and the lessees, in the course of which he pro- 
pounded plana which, it was alleged, could not be carried 
ont. To prove that they could be carried out, and that his 
evidence was correot, he undertook the new works, and 
executed them with complete success; besides demonstrat- 
ing in a spirited publication elicited by the controversy, 
the insufSciency and incongruity of the plans which had 

len submitted by the rival engineer. 

For some time prior to his death Bramah had been em- 
ployed in the erection of several lai^e machines in his 
■works at Piralico for sawing stones and timber, to whioli 
ie applied his hydraulic power with great success. New 
methods of building bridges and canal-locks, with a variety 
at other matters, were in an embryo stata in his mind, but 
did not live to comploto thom. He was occupied in 



Iht whole «f these ptpwerfiilimiehinia — 
' whlcli a» muA 
'm 789,840 gnllani of water wem 
iptd out cd the miat* «Tery 34 
i^veR set ju op?rfLtion sad re^- 
merclf bj tlw turning ol ■ atop 
. It will be obwned that tliK 
■eannt Urns hricIlT iJe^riU-d 
C4Uiitl7 Bpjiluablv tu tUt warding , 
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gcnoity of Bninjih, Aniij;ti 
other vmiaeut Eng" ' 
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■nperintonding the acUon of hia hydrosUtio preaa at Holt 
li'orest, in Hants — wliere npwards of 300 trees of the largcGt 
(litncnaicma were in a very ahort time torn Dp by the roots, — 
when he caught a eevere cold, wbiob settled npon lua 
lungs, and hia life was suddenly broaght to a close on the 
aih of December, 1814, in his 66tb year. 

Uia friend, Dr. Cullen Brown,* has said of him, that 
Bramah wati a man of excellent moral character, temperate 
in hie habits, of a pious turn of mind,! and bo cheerful in 
temperament, that he was the life of every company into 
which he entered. To much facility of exprosBion he 



• Dr. Brown publiabed > brief me- 
moir of his frimd in the Saw Monthly 
U/vjatine for April, 181S, wbich baa 



t NotwIthslandinB his well-knoim 
nrli^Dita characMr, Bramah seen* to 
liore fsllen under iJic picrooi di>- 
plniurc of Willioia Huntington, S.S. 
(Sinner Kaval), described by Marauiny 
in hii youlii oa '^ b wDrUiless agly tad 
oT the nnniD of Hunter," ami in hia 
manhood as " that rrjnarkabln jrn- 
pottor" (EnoDS, 1 vol. at. 529}. It 
seenu tlutt HnnUnglon son^t the pro- 
rewfanal Krricei of Biamah when re- 
eaifying ht> chapel to 1 793 ; and at the 
CDnoinaion of the work, the engineer 



generously h 



ill. I 






Ihau Huntingtjin eipected, or fiom 
w)is(erer ntose, ths !i. S. contemptu- 
nu»[y flung back the gill, as proceeding 
I'lDin an Arian wliose religion was "un- 
■aronry," at the hdm time hurling at 
the giver a number of taiCs oonrej- 
ing epitheta of an offnuivo character. 
Bmmah replied [a the fernigo of non- 
genni!, which be cbamcteriBeil aa " un- 
mannerly, Hbsnrd, and illiterate"— 
that it most have been composed when 
llie wiit^r was " intoiicated, mad, cr 
ndra the influence of Ludler,'*nnd he 



thieatfoed that unless Huntii^ta 
apologised for his graiuitoua innilli, 
he (Bramah) would aaanredljr eipwe 
him. The utechanidaa Dererthdeai 
proceeded gnvely to explain and de- 
fend his " proression of faith," which 
was altogether nnoecessary. On 1U> 
HunttngtoD returned to tlie chaise, 
and directed againat the mechonk a 
fresh Tolley of Scripture teita and 
phmseology, not without humour, if 
profmiity be allowable in controTcray, 
aa where he ajys, " Poor man I ha 
makba a good patent lodi, but cub a 
sad figure with the kejB of the Kingdom 
of Henrenl" "What Mr. Bramah 
is," says S. S., " in respect to hia cha- 
racter or oooduct in life, as a man, a 
tradesman, a neighbour, a gentleman, 
a busbaud, &iend, maaler, or subjeot, 1 
knovr not. In all (heae character! he 






it he appears to 



aught 1 



penitent or broken-hearted Biuner m 
Jaunes, Jambrea, or Aluandei the 
coppersmith 1" Bramah refoioed by 
threatening to publish his assntlaut'a 
letters, but Huntington anticipateir] 
him in A Fable Ditpvtt viitk a Wit« 
and Ltarntd Xan, Svo. London, 
1793. in which, whether justly at 
not, HuntinKtoii makes Branuh ap- 
pear (n murder the king's English u 
the most barbnrODS manna-. 
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added the most perfect independence of opinion ; he was » 
benevolent and afieotionate man ; neat and methodical in 
Lis Irnbits, and knew well how to temper liberality with 
eoonomy. Greatly to his honour, he often kept hia work- 
men employed, solely for their sake, when stagnation of 
trade prevented him disposing of the produota of their 
labour. As a manufacturer he waa distinguished for his 
promptitude and probity, and he was celebrated for the 
exquisite finish which he )j;ave to all hia productions. In 
this excellence of workmanship, which he was the first to 
introduce, he continued while ho Jived to be imrivalled. 

Bramah was deservedly honoured and admixed as the 
fii-st mechanical genius of his time, and as the founder of 
the art of tool-making in its highest branches. From hie 
ibops at Fimlico came Henry Maudslay, Joseph Clement, 
Mid many more first-class mechanics, who carried the me- 
chanioal arts to still higher perfection, and gave an impuleo 
to mechanical eugineoring, the effects of iivhich are still 
felt in every branch of induatry. 

The parish to which Bramah belonged was naturally 
prond of the distinction he had achieved in the world, and 
commemorated his life and career by a marble tablet 
erected by subKcription to his memory, in the parish church 
of SUkslone. In the ehurchyai'd are found the tombstonoa 
of Joseph's father, brother, and other members of Iho 
Ciroily; and we are informed that their descendants still 
occupy the farm at Stainb:Tongb on which the great me- 
ehaaicitui wu bom. 
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of nil mBchinetjr depenJi on th» per. \ 
.■mployeU ; mid whoanr i«H mustier in the artanTlM^'y 
» key to the construction of »ll mwhinea. . 
BtractioD of tools must Ihenfore arsrctaad BtlJuhiil] 
ofthsiadnrtrmlarta." — C. Bi.BBias, Sxpomthn ^ ISH. 



Henry Maudslat waa bom at Woolwich towards Uie ovK 

of last century, in a houao standing in the court at the back 
of the Salutation Inn, the entrance to which ia nearly 
oppositD the Arsenal galea. HU &thei -was a nfttive of 
Lancaxhire, deecended from an old family of the same name, 
the head of which resided at Mawdsley Hall near Ormskirlc 
at tho beginning of the seventeenth century. The family 
were afterwards scattered, and several of its members 
became workiaen. William Mandalay, the father of Henry, 
belonged to llio neighbourhood of Bolton, where ho was 
brought up to the trade of a joiner. His principal employ- 
ment, while working at his trade in LaQcasbire, consisted 
in making the wood framing of cotton machinery, in the 
construction of which oast-iron had not yet been introduced. 
Having got into some trouble in his neighbourhood, 
througb some alleged liaison, William enlisted in the Boj-nl 
Artillery, and the corps to which he belonged was shortly 
after sent out to the West Indies. Ho was several tJniuH 
engaged in battle, and in his last action he was hit by a 
musket-bullet in the throat. The soldier's stock which he 
wore had a piece out out of it by the ball, the direction of 
which was diverted, and ibongh severely wounded, hia life 
was saved. He brought home the stock and preeerred it m a 
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relio, afterwards leaving it to his eon. Long after, the son 
would point to the stock, hang up againat his wall, and say 
" But for tiiat bit of leather thera wonld have been no Henry 
Maudslay." Tha wonnded artilleryman waa invalided and 
sent home to Woolwioh, the headquarters of his corps, 
where he was shortly after discharged. Being a handy 
workman, he songht and obtained employment at tbe 
Arsenal. He was a^rwards appointed a storekeeper in 
the Dockyard. It was dnring the former stage of William 
Mandslay's employment at Woolwich, that the subject of 
this memoir was bom in lie house in the court abore 
mentioned, on the 22nd of August, 1771. 

The boy was early sot to work. When twelve years old 
he was employed as a " powder-monkey," in making and 
filling cartridges. After two years, he was passed on te 
the carpenter's shop where his father worked, and there 
he became acquainted with tools and the art of working 
in wood and iron. From the first, the latter seems to have 
had by far the greatest charms for him. The blacksmiths' 
shop was close to the carpenters', and Harry seized every 
opportunity that offered of plying the hammer, the file, and 
the chisel, in preference tfl the saw and the plane. Many 
b cuff did the foreman of carpenters give him for absenting 
liimself from his proper shop and stealing off to tbe sniilhy, 
\Hi8 propensity was indeed so strong that, at the end of a 
■year, it was thought better, as he was a handy, clover boy, 
to yield to his earnest desire to ho placed in the smithy, 
and he was removed thither accordingly in his fifteenth 
year. 

His heart being now in his work, he made rapid progress, 
and soon became an expert smith and metal worker. He 
displayed his skill especially inforging light ironwork; and 
a favourite job of his was the mating of "Trivets" ont 
of the solid, which only the " dab hands " of the shop could 
do, but which he threw off with great rapidily in first rate 
Btyle. "Bhese "Trivets" were made out of Spanish iron 
bolts — rare atnff, which, thot^h. exceedingly tough, foiled 
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like wax cnder tho hammer. Even at tlie close of his life^ 
when ho had acquired etnineut distibction as an inventor, 
and waa a large employer of skilled labour, he looked back 
with pride to the forging of his early days in Woolwich 
Arsenal. He used to describe with much gosto, how the 
old experienced hands, with whom he waa a great favonrite, 
would crowd about him when forging his " Trivets," some 
of which may to this day be in pae among "Woolwich 
honaewivos for supporting the toast-plate before the bright 
fire against tea time. This was, however, entirely con- 
traband work, done " on the sly," and strictly prohibited 
by the saperintending officer, who used kindly to signal 
hifl approach by blowing his nose in a peculiar manner, 
BO that all forbidden jobs might bo put out of the way by 
the time he entered the shop. 

We have referred to Maudslay's early dexterity in trivet- 
making — a circumstance trifling enough in itself — for the 
purpose of illustrating the progress which he had made in 
a branch of his art of the greatsBt impoTtancG in tool and 
machine making. Nothing pleased him more in his after 
life than to be set to work upon an unusual piece of forging, 
and to overcome, as nono could do so cleverly as he, the 
difficulties which it presented. The pride of art was as 
strong in him aa it must Lave been in the mediaeval smiths, 
who turned out those beautiful pieces of workmanship, still 
regarded as the pride of our cathedrals and old mansions. 
In Maudslay's case, his dexterity as a smith was even- 
tually directed to machinery, raflier than ornamental ■work; 
though, had the latter been his line of labour, we do not 
doubt that he would have reached the highest distinction. 

The manual skill which our young blacksmith had 
acquired was suoh as to give him considerable reputation 
in his craft, and he was spoken of even in the London 
shops as one of tho most dexterous bands in the trade. It 
was this oiroumstaiioe that shortly after led to his removal 
from the smithy in Woolwich Arsenal to a sphere more 
mitable for the development of his mechanical abili^. 
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"We have already stated in the preceding memoir, that 
Joeeph Bramah took out the first patent for his look in 
1764, and a eecond for^ta improvontent several years later; 
but notwithstanding the acknowledged Buperiority of the 
new look over all others, Bramah experienced the greatest 
difficulty in getting -it manufactured with sufficient pre- 
cision, and at such a price as to render it an article of 
extensive commerce. This aroae from the generally in 
ferior character of the workmanship of that day, as well us 
the clnmsinees and ancertainty of the tools then in use. 
Bramah found that oven the best manual dexterity was 
not to be trusted, and yet it seemed to be his only re- 
Bource; for machine-tools of a superior kind had not yet 
been invented. In this dilemma he determined to con- 
sult an ingenious old German artisan, then working with 
William Moodio, a general blacksmith in Whitechapol. 
This German was reckoned one of the most ingenious 
workmen in London at the time. Bramah had several 
long interviews with him, with the object of endeavour- 
ing to solve the difficult problem of how to secure precise 
workmanship in lock-making. But they could not solve 
it; they saw that without better tools the difficulty was 
insuperable ; and then Bramah began to fear that hia lock 
would remain a mere mechanical curiosity, and be pre- 
vented Irom coming into general use. 

He was indeed sorely puzzled what next to do, when one 
of the hammermen in Moodie's shop ventured to surest 
that there was a youi^ man in the Woolwich Arsenal 
smithy, named Maudslay, who was so ingenious in such 
matters that "nothing bet him," and he recommended 
that Mr. Bramah should have a talk with him upon the 
subject of his difficulty. Maudslay was at once sent for to 
Bromab's workshop, and appeared before the look-maker, a 
tall, strong, comely young fellow, then only eighteen yeare 
old. Bramah was almost asbamed to lay his case before 
loh a mere youth; but necessity constrained him to try 
ithode of acnomplishing his object, and Maudday'i 
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reply to his staiement of the caso were bc 

modest, 80 seosible, and aa the result proved, bo practio&l, 
that the inasterwas constrained to admit that the lad before 
him hod &D old head though sot on yoong ahooldera, 
Bmmah decided to adopt the youth's suggestions, made 
him a present on the spot, and offered to give hhn a job if b« 
was willing to come and work in a town shop. Maudsky 
gladly accepted the offer, and in dne time appeared before 
Bruoah to enter upon his datiee. 

Ab Maadslay had served no regular apprenticeBhip, and 
was of a very youthful appearuice, the foreman of the shop 
had considerable doubts as to his abili^ to take rank along- 
side his experienced hands. But Maudslay soon set hil 
master's and the fbremati's mind at rest. Pointing to a wmn- 
oatyioe-bench, he said to Bramafa, " Perhaps if I can mab 
thftt B8 good as new by six o'clock to>night, it will sati^ 
your f(n«man that I am entitled to rank as a tradesman and 
tak« my place among your men, even though I have not 
served a seven years' apprenticeship." There was so mncli 
aelf-reliant ability in the proposal, which was moreover so 
rensonabte, that it was at once acceded to. Off went 
Mitndslay's coat, up went his shirt sleeves, and to woik 
ho set vrith a will upon Ihe old bench, 'fho vice-jaws 
were re-steeled "in no time," filed up, re-cut, all the parts 
cleaned and made trim, and set into form again. By sii 
o'clock, the old vice was screwed up to its place, its jaws 
wore hardened and "let down" to proper temper, and 
the old bunoh was made to look so smart and neat that 
it threw all tho neighbouring benches into the shade I 
Bramah and his foreman camo round to see it, while the 
moQ of the shop looked admiringly on. It was examined 
and pronounced " a first-rate job." This diploma piece of 
work secured Mandslay's footing, and next Monday mom- 
Ukg he came on as one of tho r^ular bands. ' 

He soon took rank in the shop as a firet-claaa worl 
lioving his art, he aimed at excellence in it, and sncoei 
For it must ^^ understood that the handicraftsman 
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is in liifi calling, feels aa mucli toueet piido in tuni- 
I piece of thoroiighly good ^f^jikmouslup, as the 
it the painter does in executing a statue or a 
In course of time, the most difScuit and delicate 
came to be entrusted to Maudalay ; and nothing gave 
greater picaanre than to be aet to work upon an on- 
y new piece of machinery. And Urns he rose, naturally 
steadily, from hand to head work. Por his manual 
'desterity was the least of his gifts. He possessed an in- 
tnitive power of mechanical analysia and syntheBia. lie 
ifaad a quick eye to perceive (he arrangementB requisite tc 
Affect given purposes ; and whenever a difficulty arose, his 
inveDtive mind set to work to overcome it. 

His fellow-woikmen were not alow to recognise his many 
|»dniirable qualities, of hand, mind, and heart ; and he be. 
Oftme not only the favoui-ite, but the hero of the shop, 
perhaps he owed something to his £ne personal appearance 
"^ence on gala-days, when the men turned out in procos- 
laion, " Ilarry " was usually selected to march at their head 
-■nd carry the flag. His conduct as a eon, also, was as 
Itcliairable as his qualities as a workman. His father dyin^ 
'Jihortly after Mandslay entered Bramah's concern, he wan 
■ocnstomed to walk down to Woolwich every Saturday 
•ight, and hand over to his mother, for whom he had tho 
ijtenderest regard, a considerable share of his week's wages, 
'■nd this he continued to do as long as she lived. 
t Notwithstanding his youth, be was raised from one post 
•jto another, until be was appointed, by unanimous consent, 
i&e head foreman of the works ; and was recognised by all 
^nAo bad occasion to do business there as " Bramah's right- 
;|wud man." He not only won the heart of his master, 
ifcat— what proved of far greater impoi-fance to him — he also 
Won the heart of his master's pretty honsemaid, Sarah Tindel 
whom he maiTied, and she went hand-in-band 
ith him through life, an admirable " help meet," in every 
ly worthy of the noble character of the jp'eat mechanic. 
Uaudelay was found eweoially useful by his master io 
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devisiug tbo toots for ntaking his p&tent locks ; and maa; 
wore the beautiful contrivaucos tfhich he invented for the 
purpose of ensuring their more accoratd and speedy manu- 
fiicture, with a minimimi degree of laboiir, and without tie 
need of any large amount of manual dezlerily on the 
part of the workman. The lock was so delicate a machine, 
that the identity of the several parts of which it was com- 
posed was found to be an absolute necessity. Mere handi- 
craft, howoTor skilled, coold not secure the requisite pro- 
cisioii of workmanship ; nor could the parts be turned out 
in sufficient quantity to meet any lai^e demand. It was 
therefore requisite to devise machine-tools which should 
not blunder, nor turn out impeifect work ; — machines, in 
short, which should bo in a great measure independent 
of the want of dexterity of individual workmen, but which 
should unerringly labour in their prescribed track, and do 
the work set them, even in the miuutest details, after the 
methods deeigned by their inventor. In this department 
Maudslay was eminently suocessful, and to his laborious 
ingenuity, as first displayed in Bramah'a workshops, and 
afterwards in his own establishment, we unquestionably 
owe much of the power and accuracy of our present self- 
aeting machines. 

Cramah himself was not backward in admitting that to 
Ilenry Maudalay'n practical skill in contriving the machines 
for manufaotoring his locks on a large scale, the enccess 
of his invention was in a great degree attributable. In 
further proof of his manual dexterity, it may bo mentioned 

Lthat he constiuctod with his own hands the identical pad- 
lock which BO severely tested the powere of Mr, Hohbs in 
1851. And when it is considered that the lock had been 
made for more than half a century, and did not embody 
any of the modem improvemonte, it will perhaps he re- 
garded not only aa oreditable to the principles on which 
it was oonstmoted, but to the workmanship of its maker, 
that it should so long have withstood the various ] 
ohanical dexterity to which it was exposed. 




Besides the inventioa of improved machine -tools for tho 
maDofactOTO of looks, Maudslay was of further servico to 
Stamati io applying the expedieot to his famous Hydraulio 
Preee, without which it would probably have romaiuod 

' Dipraoticable though a highly ingenious machiue. As 
in other instanceB of great inventious, the praoticiJ success 
of the whole ib often found to depend upon the action 
of some apparently trifling detail. This was especially 
the case with the hydraulic press ; to which Maudelay 
added the essential foature of the self-tightening collar, 
above described in the memoir of Bi'axaah. Mr. James 
Nasmyth is our authority for ascribing this invention to 
Kaudslay, who waa certainly quite competent to have 
made it ; and it is a matter of fact that Bramah's specifica- 
tion of the press saya nothing of tho hollow collar,* on 
ivhich its efficient action mainly depends. Mr. Naamyth 
says — " Maudslay himself told me, or led me to believe, 
that it was ho who invented the self-tightening collar for 
the hydraulic press, withont which it would never have 
been a eorviceablo machine. Ah tho eelf-tightoning collar 
is to the hydraulic press, so is the steamblast to the loco- 
motive. It is the one thing needful that has made 
effective in practice. If Maudslaj was the inventor of tho 
collar, that one contrivance ought to immortalize him. 
He used to toll me of it with great gusto, and I ha" 
reason to doubt iLe correctness of his statement." Who- 
ever really struck out the idea of the collar, displayed the 
iustinct of the true inventor, who invariably seeks to 
accomplish his object by the adoption of tho simpli 
pMsible means. 

During the time that Maudslay held the important offic© 
of manager of Braraah'a works, his highest wages wer 
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fituuh of wort, so as in a meaeure to be independent of 
the carelssBness or want of dexterity of tlie workman. 
WiUi this object he aimed at the contrivance of improved 
maoUine-tools, which should be as much eelf-acting and 
aelf-reguUting as possible; and it was while pursuing 
this Btndy that he wrought out the important mechanical 
invoation with whioh his name is usually identiSed — 
that of the Slide Beat It continued to be bis special de- 
light, when engaged in the execution of any piece of 
work in whioh he took a personal interest, to introduce 
a eystem of identity of parte, and to adapt fur the pur- 
pose Bome one or other of the mochanical contrivtuices 
with which hia fertile brain was alwaj-s teeming. Thus it 
was from his desire to leave nothing to the chance of 
mere individual dexterity of hand that he intFoduccd tlie 
elide rest in the lathe, and rendered it one of the most 
important of machine -tools. The first device of this kind 
was oontrived by him for Bramah, in whoso shops it cou- 
tinaed in practical uBe long after he had begun bueinosa 
for himself. " I havo seen the slide rest," says Mr. James 
INoamyth, " the first that Henry Maudslay made, in use at 
Ueiisrs. Bramah's workshops, and in it were all those 
arrangements which are to be found in the most modem 
slide rest of our own day," all of which are the legitimate 
ofispriug of Maudslay's original rest. If this tool be yet 
extant, it ought to bo preserved with the greatest care, 
Ibr it was the beginning of those mechanical triumphs 
which give to the days in which we live so much of their 
distinguishing character." 

A very few words of explanation will serve to illustrate 
importance of Maudelay'a invention. Every pereon is 
fjimiliw with the uses of the common turning-lathe. It is 
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ratiottlated roitii could be given to the work ; and, from 
ita being employed to orniiment the handloa of kniveB, 
it was oallod by him the " Machine k manohe de Couteau 
d'Angleterre." Bnt the French artisans were at that time 
much better skilled than the English in the uae of tools, 
and it ia most probable that wo owe to the Flemish and 
French Protestant workmen who flocked into England in 
snch lai^ numbers during tho religious persecutions of 
the sixteenth and eeventeenth centuries, the improve- 
ment, if not tho introduction, of the art of tnming, as 
well as many other arts hereafter to be referred to. It is 
certain that at the period to which we refer numerone 
treatisea were published in France on the art of turning, 
some of them of a most elaborate character. Such wore the 
works of De la Hire,* who described how every kind of 
polygon might be made by tho lathe ; De la Ucindamine,t 
who showed how a lathe could turn all sorts of irregular 
figorea by means of tracers ; and of Grand Jean,} Morin,§ 
Plumier, Bergeron, and many other writers. 

The work of Plumier is especially elaborate, entering 
into the constmotion of the lathe in ita various parts, the 
making of the tools and cnttors, and the diiferent motiona 
to be given to the machine by raeane of wheels, eccentrics, 
and other espodients, amongst which may bo mentioned 
' very much resembling the slido rest and planing- 
inachine combined. [j From this work it appears that 
taming had long been a favourite pursuit in Franco with 
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oniateuTB of all ranks, who spared no ezpeoGe in the om- 
trivance and perfection of elaborate Qaohiuery for tlie prO' 
duction of complex figures.* There was at th&t time a 
great paGsion for antomata in France, which gave rise to 
many highlj ingeniouB devices, snch as Camas's miniatnre 
carriage (mode for Louia XIV. when a child), Degonnea' 
moehanical peacock, Vaucanson'a duck, and Maillardet's 
conjuror. It had the effect of introducing among the 
higher order of artista habits of nice and accurate work- 
inonahip in executing delicato pieces of machinery ; and 
the sarae combination of mechanical powers 'which, made 
the steel spider crawl, the duck quack, or waved the tiny 
rod of the magician, contributed in future years to pur- 
poses of higher import, — the wheels and pinions, which in 
those automata almost eluded the human senses by their 
minntenesa, reappearing in modem times in the stnpendous 
mechanism of our self-acting lathes, spinoing-mules, and 
steam-engines. 

*' In onr own country," says Professor Willis, " the litc- 
ratnre of this sntject is so defective that it is very difficult 
to discover what prograss we were making during the 
Bovontoenth and eighteenth centuries." t We believo the 
fact to bo, that the progress made in England down to the 
end of last century had been very small indeed, and that 



" Turning win n favoiiritn amiiEe- 


niie-armed, vv rni a<l(pt at Ihe latter, 


meat oIDongst the French mhiea of last 


Hiid Lord firar was another caiulji! 


antiiiy, muojofwhaai acquired great 


turner. Indeal the late Mr. Holl- 


dcsleritj in the art, which they turned 


lapffel's elaboralely illusUnted treati,>* 


to account when comptllBl to einigralc 


was written quite as much for amaWnrs 






Hlf WM « very good loctomitJi, and 


other noble handicraftHnen we may 


r»M havB earned o fiur Uving at the 


mention the late Lord Dougla*, who 


tr.»le. Our own George 111. wa> a 




good turner, and wu leu^«d in whnk 


quair'a fancy was cutJery, and one 


audtrcadtes.chncksBiidchiwIs. H«nr^ 


could not come to him in a more 


Mayliew sayi, m the aulhooty of an old 


welcome fashion than with a pur of 


workins Inmer, [Imt, with average in- 


old nton to «t up. 


dontiT, tba King might have mads from 


t ProfMorWiLua, Z«>t«r«o«tt« 


40». loSOj.a-weokiwahaidwood and' 


JiesulU of Ih, Great ExhSatim ol 


iV07 lume.', LoH <oha Hay, though 


ISM, lst>eriea,p. 306. 



CHiP. XII. IMPBOVEMENT OP MACHIN&TOOLS. 

the lathe had ezperienoed little or no improTemeDt until 
Mandela; took it in hand. Nothing Beema to have been 
known of the slide rest until he re-inventad it, and applied 
it to the production of machinery of a far more elaborate 
character than had ever before been contemplated as pos- 
sible. Professor Willis says that Bramah's, in other words 
Maudslay's, elide rest of 1TS4 is so different &om that 
deecribed in the French ' Enoyclopedie' in 1772, that the 
two conld not have had a comiaon origin. We are there- 
fore led to the conclueion that Maudalay's invention was 
enliroly independent of all that had gone before, and that 
he contrived it for the special purpose of overcoming the 
diScnlties which he himself experienced in turning out 
duplicate parls in large numbers. At all evente, he was 
eo early and zealous a promoter of its use, that we think 
he may, in the eyes of eil practical raecbanioe, stand as 
the parent of it£ introduotion to the workshops of England. 
It ia unquestlouablo that at the time when Maudelay 
began the improvement of maohine-tools, the methods of 
working in wood and metals were exceedingly imperfect. 
Mr. William Fairbaim has staled that when he first became 
acquainted with mechanical engineering, about sixty years 
ago, there were no self-acting tools; everything whs ex- 
ecuted by hand. There were neither planing, slotting, 
nor sbapbig machines ; and the wholo stock of an engineer- 
ing or machine establishment might be summed up in a 
few ill-constructed lathes, and a few drills and boring 
maohinea of rnde construction.* Our mechanics were 
equally backward in contrivanoos for working in wood. 
I Thus, when Sir Samuel ^entham made a tour through the 
iDanufaotnring districts of England in 17!)1, he was sur- 
prised to find how little had been done to substitute the 
itivariable accui-aoy of machinery for the uncertain dex- 
terity of the human hand. Steam-power was as yet only 
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employed in driving spiiming-machiiies, rolling metali, i 
pcmpiDg water, and each like purpoees. In the working 
of wood no machinery had been introduced beyviid tlu 
common tnming-Lithe and some saws, and a few boring 
tooU nsed in making blocks for the navy. Even saws 
worked by inanimate force for slitting timber, though in 
estensive nse in foreign countries, were nowhere to be 
found in Griiat Briton.* As everything depended on tbe 
dexterity of hand and correctnesB of eye of ibe workmen, the 
work turned out was of very unequal merit, besides being 
exceedingly costly. Even in the construction of compara- 
tively sinLple machines, the expense was so great as to 
present a formidabie obstacle to their introduction and 
extensive nse ; and bat for the invention of machine- 
inakiDg tools, the use of the ateam-engina in the various 
forms in which it is now applied for the production of 
power could never have become generah 

In turning a piece of work on the old-fashioned lathe, 
the workman applied and guided hia tool by means of 
muscular strength. The work was made to revolve, and 
the tumor, holding the cutting tool firmly upon the long, 
straight, guiding edge of the rest, along which he carried 
it, and pressing its point firmly against the article to bo 
turned, was thus enabled to reduce its surface to the 
required size aud shape. Some dexterous turners were 
able, with practice and carefulness, to execute very clever 
pieces of work by this simple means. But wheo the article 
to be turned was of considerable size, and especially when 
it was of metal, the expenditure of muscular strength was 
so great that the workman soon became exhausted. The 
slightest variation in the pressure of tie tool led to aa 
irregularity of surface ; and with the utmost care on the 
workman's part, he could not avoid occasionally cutting a 
little too deep, in consequence of which he must neces- 
Miilf go over the sui&oe again, to reduce the whole t 
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Ihe level of that accidentally out too deep ; and thns pos- 
kibly the job wonld bo altogether spoiled by the diameter 

lof ljie arttole nnder operation being made tuo small for its 

■ intended purpose. 

The introduction of the elide rest furnished a oomplete 

I remedy for this source of imperfection. The principle of 
the invention consists iu constructing and fitting the rest 
3 that, instead of being screwed down to one place, and 
the tool in the hands of the workman travelling over it, 
the rest shall itself hold the cutting tool firmly fised in it, 
and elide along the surface of the bench in a direction 
exactly parallel with the axis of the work. Before its 
invention various methods had been tj'ied with the object 
of enabling the work to be turned true independent of the 
dexterity of the workman. Thus, a square steel cutter 
used to be firmly fixed in a bed, along which it was 
wedged from point to point of the work, and tolerable 
aoGiiracy was in this way secured. But the slide rest was 
mnoh more easily managed, and the result was much more 
aatiBfaotory. All that the workman had to do, after 
tool was firmly fitted into the rest, was merely to turn a 
screw-handle, and thus advance the cutter along tbo face 
of the work as required, with an expenditure of strength 
80 slight as Boaroely to be appreciable. And even this 
labour has now been got rid of ; for, by an arrangement of 
the gearing, the slide itself has been made self-acting, and 
advances with the revolution of the work in the lathe, 
which thus supplies the place of the workman's hand. 
The accuracy of the turning done by this beautiful yet 
simple arrangement is as mechanically perfect as work ci 
be. The pair of steel fingers which hold the cutting tool 
firmly in their grasp never tire, and it moves along the 
metal to be cut with an accuracy and precision which the 
hnman hand, however skilled, oould never equal. 

The effects of the introduction of the slide rest were 
very shortly felt in all departments of mechanism. Though 
it bad to encounter some of the ridicule with which d 
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aethodfi of woi^ing aie neaally reoeived, and for a time 
was epoken of in deimon u "Haiidfilaj*B Go-cart," — its 
pisctical advaatages were so decided that it gradn&llj 
made its waj, and became an established tool in all the 
beet mec^mnicol workshops. It was foimd alike capable of 
esecnting the most delioate and the most ponderona pieoea 
uf ttmchiaery ; and as ^lide-lathes conld be maaoJactuxed 
to any extent, machinery, ateam-en^nes, and all kinds of 
metal woi^ conld now be tamed ont in a quantity and at 
a price that, bat for its use, conld never have been prat- 
licable- In course of time various inodificationB of ihe 
machine were introduced — such as the planing machine, 
the wheelMintliug machine, and other beautit'iil tools tin 
the slide-rest principle, — the result of which has been t.hut 
extraordinary development of mechanical production and 
power which is so oharacteristia a feature of the ago we 
live in. 

" It is not, indeed, sajing at all too mnch to state," Bays 
Mr. Nasmyth,* a most competent judge in such a matter, 
" that its influence in improving and extending the tise of 
macbineiy has been as great as that produced by the 
improvement of the steam-engine in respect to perfecting 
manufactures and extending commerce, inasmuch as n-ithout 
the aid of the vast accession to our power of producing 
perfect mechanism which it at once supplied, we could 
never have worked out into practical and profitable forms 
the conceptions of those master minds who, during the last 
half century, have so succeesfully pioneered the way for 
mankind. The steam-engine itself, which supplies us with 
such unbounded power, owes its present perfection to this 
most admirable moans of giving to metallic objects the 
most precise and perfect geometrical forms. How t 
we, for instanoe, Imve good steam-engines if we had I 
(he means of boring out a true cylinder, or turning a 
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-rod, oi planing a valve face ? It is this alone whioh 
fumifihed us with the means of carrying into praotioc 
the aooiunulated results of Bcienti&o investigation on meoh^ 
meal subjects. It would be blamable indeed," continues Mr. 
Nasniyth, " alW having endeavoured (o set forth the vast 
advant^ee which have been conferred on the meohanical 
world, and therefore on mankind generally, by the invention 
and introdnction of the Slide Beet, wore I to suppresa tho 
name of ihal admii'able individnal to whom we are indebted 
fbr this powerful agent towards tho attainment of mechii<- 
nioal perfection. I allude to Henry Maudslay, whose iieeful 
life was enthusiastically devoted to the grand object of im- 
proving OUT means of producing perfect workmanship and 
machinery : to bim we are certainly indebted for the slide 
rest, and, consequently, to say tie least, we are indirectly 
eo for the vast benefits which have resulted from the intro- 
duction of so powerful an agent in perfecting our machinery 
and mechanism generally. Tho indelatigable care vphich 
h© took in inculcating and diffusing among his workmen, 
Bixd mechanical men generally, sound ideas of prooticul 
knowledge and refined views of construction, have ren- 
dered and ever will continue to render his name identi- 
fied with all that is noble in the ambition of a lover of 
mechanical perfection." 

One of the first nses to which Mr. Maudslay applied tite 
improved slide rest, which he perfected shortly after begin- 
ning business io Margaret Street, Cavendish Square, was 
itL executii^ tho rotpiisito tools and machinery roquii'ed by 
Mr. (afterwards Sir Mare Isambard) Brunei for manufac- 
turing ships' blocks, The career of Bnmel was of a more 
romantio <^aracter than falls to the ordinary lot of mecha- 
nical engineers. His father was a small farmer and post- 
master, at the village of Hacqueville, in Normandy, where 
Maro Isambard was bom in 1769. He was early intended 
tor a priest, and educated accordingly. But he was much 
fonder of the carpenter's shop than of the schoe! ; and 
entreaty, and punishmoDt alike failed in making a 
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hopeful soholar of him. He drew faces and pl&nB :mtil h 
fothcF wufl atmofit in doepair. Sent to school at Bonen, faia 
chief pleasure was in watching the ships along the quays; 
and one day his cnriouity vraa excited hy the sight of some 
Jat^o iron castings just landed. What were they ? How 
had they been made? Where did they come from? His 
eager inquiries were soon answered. They were parts of 
an engine intended for the great Paris wator-works ; the 
engine was to piunp water by the power of steam ; and the 
castings had been made in England, and bad just been 
landed from au English ship. " England I " exclaimed the 
boy, "ah I when I am a man I will go see the country 
where such grand machines are made I " On one ocoasion, 
seeing a new tool in a cutler's window, he coveted it so 
much that he pawned his hat to possess it. This was not 
the right road to the priesthood; and his father soon saw 
that it was of no use uipng him further : but the boy's in- 
stinct proved truer than the father's judgment. 

It was eventually determined that he should qualify 
himself to enter the royal navy, and at seventeen ho was 
nominated to serve in a corvette as " volontaire d'bon- 
ueur," Hia ship was paid off in 1792, and he was at Paris 
during the trial of the King. With the incautiousness of 
youth ho openly avowed his royalist opinions in the oafe 
which he frequented. On the very day that Louis was con- 
demned to death, Brunei had an angry altercation with some 
ultra-republicans, after which he called to his dog, " Viens, 
cilojen ! " Scowling looks were turned upon him, and be 
deemed it expedient to take the first opportunity of escap* 
ing from the house, which he did by a back-door, and made 
the best of his way to Hacqueville. From thence he went 
to Bonen, and succeeded in finding a passage on board on 
American ship, in which he sailed for New York, having 
first pledged his affections to an English girl, Sophia 
Kingdom, whom he had accidentally met at the house of 
Mr. Garpentier, the American consul at Rouen. 

Arrived in America, he succeeded in finding etnplo] 
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tnent as asBistant eurveyor of a tract of land along the 
Black Hivcr, ncai Lake Ontario. la tbo intervals of hia 
labooTB he made oocasional visits to Now York, and it was 
there that the first idea of his block 'machinory occurred to 
him. Ke carried his idea back with him into the woods, 
where it often mingled with hia thoughts of Bophia King- 
dom, by this time Bafe in England after passing through 
the horrors of a French prison, " My first thought of tho 
block-machinery," he once said, " was at a dinner parly at 
Major-General Hamilton's, in Kew York ; my second under 
an Amerioan tree, when, one day that I was carving lottors 
on itB bark, the turn of one of them reminded me of it, and 
I thought, ' Ah 1 my block I bo it must be.' And what do 
you think were the letters I was cutting? Of courso none 
other than 8. K." Brunei subsequently obtained some em- 
ployment as an architect in New York, and promulgated 
variooB plans for improving the navigation of the principal 
rivers. Among the designs of Ms whioh were carried out, 
was that of the Park Theatre at New York, and a cannon 
foundry, in which he introduced improvements in cast- 
ing and boring big guns. But being badly paid for his 
work, and a powerful attraction drawing him constantly 
towards Ei^Iand, he determined to take final leave of 
America, which he did in 171)9, and landed at Falmouth in 
the following March. There he again met Miss Kingdom, 
who had remained iaithful to him during his six long years 
of esile, and the pair were shortly after united for life. 

Brunei was a prolific inventor. Curing his residence in 
America, he had planned many contrivances in his mind, 
whioh he now proceeded to work out> The first was a 
duplioata writing and drawing machine, which he patented. 
The next was a machine for twisting cotton thread and 
forming it into balls ; but omitting to protect it by a 
patent, he derived no benefit from the invention, though 
it shortly came into very general use. He then invented 
a machine for trinunings and borders for muslins, lawns, 
•sd oaobrios, — of the nature of a sewing suLchine, Eii 
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fomoos block-tnachmei7 formed the enbject of tiia neil 
patont. 

It may be explained that tha making of the blocki era- 
ployed in the rigging of blilps for raiiimg and lowering 
the Bails, maste, and yturd^ was thca a bighJy imporlaut 
branch of ntanniaotaru. Some idea may be fbnnod of the 
nmnber used in thu Kuyal Navy aluno, fi-om the fact that a 
J4-gun ship roqnirod to be provided with no fewer than 1*00 
blocks of various Bizes. The sbeavcd blooka used fur tlid 
running rigging conaistod of the ehcll, the sheaves, which 
revolved within the shell, and the pios which &steiied tbom 
together. The fabrication of tbe&e articles, thoitgh appa- 
rently simple, was in reality attended with much diiGcutty. 
Every part had to be fashioned with great accuracy and 
precision to ensure the easy working of the block when pot 
together, as any hitch in the raising or lowering of the 
sails otight, on certain emeTgencios, occa^uu a serious 
disaster. Indeed, it became clear that mere band-wurk 
was not to be relied on in the mann&ctnre of these artioles, 
and efforts were early made to produce Ihem by means ol 
machinery of the most perfect kind that could be devised. 
In 1T81, Mr. Taylor, of Southampton, set np a large esta- 
blishment on the river Itches for their mauu&oture ; and 
on the expiry of his contract, the (Jovemment determined 
to establish works of their own in Portsmouth Dockyatd, 
for the purpose at the same tim.e of securing greater eco- 
nomy, and of being independent of individual makers in 
the supply of on article of such importance in the equip- 
ment of ships. 

Sir Samuel Bentham, who then filled the ofBce of In- 
spector-General of Naval Works, was a highly ingenious 
person, and had for some years been applying his mind to 
the invention of improved machinery for working in wood. 
He had succeeded in introducing into the royal dock- 
yards sawing-machines and planing-machines of a superior 
kind, as well as block-making machines. Thus the speci- 
Soatioia of one of his patents, taken out in 1793, clearly 
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I daeoribes a laachine for shaping the sbolls of tho blocks, in 
a maimer similar to that aftorwards speoified by Brunei. 
Bentham had oven proooeded with tho oroction of a build- 
ing in I'ortaniouth Dockyard for the manufacture of the 
blockB after his method, the necessary ateiun-engine being 
already provided ; but with a singular degree of candour 
and generosity, on Brunei's method being submitted to him, 
Sir Samuel at once acknowledged its superiority to his owii , 
and promised to recommend its adoption by the authorities 
in his department. 

The oircumstanco of Mrs. Branel's brother being Undei- 
Secratary to the Navy Board at the time, probiilily h'd 
Bnmol in the first instauoe to offer his invention tj tho 
Admiralty, A great deai, however, remained to be done 
before ho could bring his ideas of the block-maohiuery into 
a definite Bhape ; for there is usually a wide interval 
between the first conception of an intiicate machine and 
ita practical realization. Though Brunei had a good know- 
ledge of mechanics, and was able to nustor the intricacies 
of any machine, he laboured under the disadvantage of not 
being a practical mechanic; and it ia probable that but for 
tho help of some one poesessed of this important qualifica- 
tion, his invention, ingenious and important though it was, 
■would have bone no practical fruits. It was at this jniic- 
tnre that he was bo fortunate as to be introduced to Henry 
Haudslay, the inventor of the sliderest. 

It happened that a M. de Bacquancourt, one of the 
French 4migr^a, of whom there were then so many in Lon- 
don, was accustomed almost daily to pass Maudelay's littlo 
ebop in Wells-street, and being himself an amateur turner, 
ho ouriously inspected the artioles from time to timo oi- 
bibited in the window of the young mechanic. One day 
a more than ordinarily nice piece of sorew-onttiiig mode 
its appearance, on which he entered the shop to make 
. inquiries as to the method by which it had been executed, 
I Ha had a long conversation with Maudslay, with whom 
I he was greatly pleased ; and he was afterwards accustomed 
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to look in upon him oocadonally to see vhat new woil 
WH going on. Baoqoanconrt was also on intimate tenna 
with Brnnel, who commnnicated to him the difficnl^ ha 
had experienced in finding a mechanic of sufficient dexte- 
ri^ to execute hie design of the block-making machineiy. 
It immediatelj occnired to the fonner that Uenry Maudsln)' 
wa« the very man to execute work of the elalwrate cha- 
racter proposed, and he described to Brunei the new and 
beandlal tools which Handslay had contrived for the pi 
poee of ensuring accuracy and finish. Brunei at oncf 
lermined to call upon Mandslay, and it was arnmged 
Bacqnanconrt should introduce him, which he »iid, 
after the interview which took place Brunei promised 
call again with the drawings of bis proposed model. 

A few days passed, and Bnmel called witli the 
drawing, done by himself ^ for he was a capital draughts- 
man, and used to speak of drawing as the " alphabet of 
the engineer." The drawing only showed a IjtUe bit of 
the intended machine, and Brunei did not yet think it. 
advisable to coinniimicate to Maud&Iay the preciEC objt 
he had in TJew ; for inventors are nsually very chary of ' 
explaining their Bchemes to othetB, for fear of being anti- 
cipated. Again Brunei appeared at Maudslay's shop with 
a further drawing, etill not explaining his design ; but at 
the third visit, immediately on looking at tlie fresh draw- 
ings he had brought, Maudslay exclaimed, "Ah.! now 
Bee what you are thinking of; you want machinery fc 
making blocks." At this Brunei became more communi- 
cative, and explained his designs to the mechanic, who 
fully entered into his views, and went on from that time 
forward striving to his utmost to work out the inventor's 
conceptions and embody them in a practical machine. 

While still occupied on the models, which were begun 
in 1800, Maudslay removed bis shop from Wells-street, 
where be was asueted by a single journeyman, to Mai^^aret 
street, Cavendish-square, where he had greater room fid 
<]Sn7ing on his trade, and was also enabled to tncr< 
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the niuaber of his handa. The workiog models Were ready 
for inspection by Sir Samuel Bentham and the Lorda of 
the Admiralty in 1801, and having been fully approved 
1>y them, Bmnel was authorized to proceed with the ese- 
cntion of the requisite machinery for the manufacture of 
the BhipB' blocks required for tho Royal Navy. The whole 
of this machinery was executed by Henry Maudslay ; it oc- 
cupied him very fully for nearly six years, so that the 
mannfacture of blocks by the new prooesa was not begun 
nntU September, 1808. 

We despair of being able to give any adequate descrip- 
tion in words of the intricate arrangements and mode of 
action of the block-making machinery. Lot any one at- 
tempt to describe the much more simple and familiar pro- 
cess by which ashoemakermakesapairof shoos, and he will 
find how inadequate mere words are to dascribo any mecha- 
nical operation." Suffice it to say, that the machinery waa 
of the most beautiful manufacture and finish, and even at 
this day will hear comparisoc with the most perfect 
machines which can be turned out with all the improved 
appliances of modem tools. Tho framing waa of cast- 
iron, while tho jiarts exposed to violent and rapid action 
were all of the best hardened steel. In turning out tho 
Tarions parts, Maudslay found hie slide rest of indispensable 
value. Indeed, without this contrivance, it ia doubtful 
whether machinery of ao delicate and intricate a character 
could possibly have been executed. There waa not one, 
bat many machinea in the series, each devoted to a special 
(qieration in the formation of a block. Thus there were 
vsrioua eawing-machines, — the Straight Cross-Cutting Saw, 
the Circular Cross-Cutting Saw, the Reciprocating Ripping- 
Saw, and the Circular Ripping-Saw. Then there were the 
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Boring Mac}iuiQB. and tbo Morttfiing Maolime, of beautiful 
construction, for cutting tho sheave-holos, furnished with 
DUiuerouB ohiaela, each makii^ from 110 to 150 etrokes a 
minute, and cutting at every stroke a chip as thick as pasto- 
board with the utmost precision. In addition to these wore 
the Comer-Saw for cutting off the comers of the Hock, 
the Shaping Machine for accurately forming the out«ide 
surfaces, the Scoring Engine for cutting the groove round 
the longest diameter of the block for the reception of th» 
rope, and various other machines for drilling, riveting, and 
finishing the blocks, besides those for making the sheaves. 

The total number of machines employed in the vari- 
ona operations of making a ship's block by the now method 
was forty-four ; and after being regularly employed in 
Portsmouth Dockyard for upwards of fifty years, they are 
still as perfect in their action as on the day they were 
erected. They constitute one of the most ingenious and 
complete collections of tools ever invented for making 
articles in wood, being capable of performing most of the 
practical operations of carpentry with the utmost acunraoy 
and finish. The machines are worked by a steam-engine 
of 32-horBe power, which is also used for various other 
dockyard purposes. Undor the new system of block-mak- 
ing it was found that tha articles were better made, snp- 
pliod with much greater rapidity, and executed at a greatly 
reduced cost Only ten men, with the new machinery, 
could perform the work which before had required a 
hundred and ton men to execute, and not fewer than 
160,000 blocks of various kinds and sizes could be tui 
out in a year, worth not less than 641,000/.' 
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The aatisfactory execution of tho blook-niachinery brought 
Uaudsky a lai^e acceafiion of lame and buBincBs ; and tho 
premisoB in Margaret Street proving much too limited for 
bis requirements, he again reeoiTcd to shift his quarters. 
He found a piece of ground suitable for his pui-poee iu 
Westminster Eoad, Lambeth. Little mote than a century 
Bince it formed part of a Marah, the name of which is still 
retained in the adjoining street; its principal prodnctiona 
being bulrofihes and willows, which were hannt*d in cer- 
tain seasonB by snipe and waterfowl. An enterprising 
riding-master had erected some premises on a part of the 
marxh, which he used for a riding-school ; but the specu- 
lation not answering, they were aold, and Henry Maudslay 
became the proprietor. Ilither he removed hia machinery 
^xaa Margaret Street in 1810, adding fresh plant from time 
to time as it was required ; and with the aid of his late 
excellent paiCnor he built up the far-famed establishment of 
Mandfilay, Field, and Co. There he went on improving his 
old tools and inventing new oaee, as the necessity for them 
arose, nntil the original elide-lathes used for making tho 
Huck-machinery became thrown into the shade by tho 
comparatively gigantic machine-tools of the modem school. 
Yet the original lathes are still to bo found in the collec- 
tion of the firm in Westminster Koad, and continue to do 
tlieir daily quota of work with the same precision as they 
did when turned out of tho hands of their inventor and 
maker some sisty years ago. 

It is unnecessary that we should describe in any great 
detuil the further career of Henry Maudslay. The rest of 
his life was full of useful and profitable work to others aw 
well as to himself. His businese embraced the making of 
flour and saw mills, mint machinery, and steam-engines of 
b11 kinds. Before he left Margaret Street, in 1807, he took 
out a patent for improvements in the st«am-enginc, by 
which he much simplified its pai-ts, and secured greater 
directness of action. His new engine was called the Pyra- 
'., because of ita form, and was the first move towards 
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«ad lemat Hkm Uxmt, Uutddsyinretited dte machine now 
in geatenl im. by wludi the holea pimdMd in the iton 
plate are exactly eqwdisteat, and the enlMeqiieint operation 
of riveting ia greatly boiUtated. One of the reenlts of the 
improved method was the great sKving which was at once 
effected in the cost of preparing the platee to receire tho 
rivets, tho price of which was rednced from seven shilling 
per tank to ninepenoe. 

He continued to devote himeelF to the last to the im- 
provement of the lathe,— in his opinion the master-machine, 
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the life and soul of engine-turning, of wliicli the planing, 
•orew-cutting, and other machines ia common use, are liut 
Btodificationi^. In one of the early lathes which he con- 
trived and made, the masdiill was nine inches in diameter ; 
it was driven by wheel-gearing like a crane motion, and 
adapted to different speeds. Some of his fiiunds, oa first 
looking at it, said he was going " too fast ;" but he liyed to 
Bee work projected on so large a scale as to prove that his 
concepdons were juat, and that he had merely anticipated 
bj a few years the mechanical progress of his time. TTjh 
large removeable bar-lathe was a highly important tool of 
the aamo kind. It was used to turn surfaces many feet in 
diameter. While it could bo used fo>' boring wheels, oi 
the side-rods of marine euginoa, it oonld turn a roller or 
cylinder twice or three times the diameter of its own 
centres from the ground'level,. and indeed could drive 
round work of any diameter that would clear the roof of 
the ebop. This was therefore an almost universal tool, 
capable of very eitensive uses. Indeed much of the work 
now executed by means of Bpeoial tools, such as the planing 
or slotting machine, was then done in the lathe, which was 
used as a cutter-shaping machine, £tted with various appli- 
ances according to the work. 

Maudslay's love of accuracy also led him from an early 
period to study the subject of improved screw-cutting. 
The importance of this department of mechanism can 
■carcely be overrated, the solidity and permanency of most 
iaechanical stniictures mainly depending on the employ- 
ment of the screw, at the same time that the parts can be 
readily separated for renewal or repair. Any one can 
form an idea of the importanoo of the screw as an ele- 
ment in mechimical construction by examining say a Bteam- 
engine, and counting the number of screws envplo^'ed in 
Iwlding it together. Previous to the time at which the 
■flbjeot occupied the attention of our meclianic, tho tools 
jitted Ibr muking screws were of the most rude and inexact 
kiiid. Thei screws were for the moat part cut by hand * the 
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email by filing, tha larger by chipping and filing. In conse- 
qnenoe of the great difficulty of making them, as few were 
used as pOBsible ; and cotters, cotterilB, or forelooka, were 
employed in stead. Screws, however, -were to a certain 
extent indispensable ; and each manufacturing establish- 
mont made them after their own taehlon. There ■was an 
utter want of uniformity. No system was observed as to 
" pil«h," I. e. the number of threads to the inch, nor was 
any rule followed as to the form of those threads, Everj- 
bolt and nut was a sort of specialty in itself, and neither 
owed nor admitted of any community with its neighbours. 
To such an extent was this irregularity carried, that ail 
bolts and their corresponding nuts had to be marked as 
belonging to each other ; and any mixing of them together 
led to endless trouble, hopeless confusion, and enormous 
expense. Indeed none but those who lived in the compara- 
tively early days of machine -manufacture can form an ade- 
quate idea of the annoyance occasioned by the want of 
sysf«m in this branch oE detail, or duly appreciate the 
aervioee rendered by Maadslay to mechanical engineering 
by the practical measures which ho was among the first to 
introduce for its remedy. In his system of acrew-cutting 
machinery, his taps and dies, and screw-tackle generally, 
ho laid the foundations of all that bos since been done in 
this essential branch of machine-construction, in which he 
was so ably followed up by several of the eminent me- 
chanics brought up in his echool, and more especially by 
Joseph Clement and Joseph Whitworth. One of his oai'liest 
self-acting screw lathes, moved by a guide-acrow and wheels 
after the plan followed by the latter cnginiser, cut BcrcixT! 
of lai^ diameter and of any required pitch. As an illus- 
tration of its completeness and accuracy, we may mention 
that by its means a screw five feet in length, and two inches 
in diameter, was cut with fifty threads to the inch ; the nut 
to fit on to it being twelve inches long, and coTrtaiaing six 
hundred threads. This screw was principally used for d 
viding scales for astronomical purposes; and by its inoO 
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divisions wore produced 80 minute that they oould nut be 
detooted without the aid of a magnifier. The screw, which 
wafi sent for eshibition to tho Society of Arts, is etill oaro- 
fiilly preaei-vod amongst the specimenB of Maudslay's handi- 
craft at the Lambeth Works, and is a piece of delicate work 
which every sfciDcd meohanio will thoroughly appreciate. 
Yet the tool by whic^ this fine piece of turning was pro- 
duced was not an exceptional tool, but waa daily employed 
in the ordinary work of the manufactory. 

Like every good workman who takes pride in his craft, 
ho kept his tools in firet-rate order, clean, and tidily ar 
ranged, so that he could lay his hand upon tlie thing he 
wanted at once, without loss of time. They are still pre- 
served in the state in which he left them, and strikingly 
illustrate hia love of order, " nattjneas," and dexterity. 
Mr. Nasmyih says of him that you could see the man's oha- 
nctsr in whatever work he turned out; and as the con- 
noifeenr in art will exclaim at sight of a picture, " That ia 
Turner," or " That is Stansfield," detecting the hand of the 
master in it, so tiie experienc«>d mechanician, at sight of 
one of hia machines or engines, will be equally ready to 
exclaim, " That is Maadslay ;" for the characteristic stylo 
of the master-mind is as clear to the experienced eye in the 
case of the finished machine as the touches of the artist's 
pencil are in the case of the finished picture. Every me- 
chanical contrivance that became the subject of his study 
came forth from his hand and mind rearranged, simpli- 
fied, and made new, with tho impress of his individuality 
stamped upon it. Ho at once stripped tho subject of all 
traneceaeary complications ; for he possessed a wonderftrl 
faculty of hwwavj what to do vnthovt — the result of his clonr- 
neas of insight into mechanical adaptations, and tho aocn- 
Tsto and well-defined notions he had formed of tho precise 
object to be accomplished. " Every member or aeparutq 
maohino in the system of block-machinery," says Mr. 
Nasmyth, " ia full of Maudslwy's presence ; and in that 
machinery, as constructed by him, is to be found the parent 
(42 
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of eveiy engineering tool by the aid of which we ai» 
now aoliieving Buch great thiogB in mechanical constmc- 
tion. To the took of which Maadslay fumiebed the proto- 
types are we mainly indebted for the perfection of our 
textile machinery, our looomotiveB, onr marine engines, 
uid the various implemenfa of art, of agricultnro, and of 
war. If any one who can enter into the details of thia 
Buhjeot will be at the pains to analyse, if I may so teim 
it, the machinery of our modem engineering workahopB, 
he will find in all of them the strongly-marked features 
of Maudalay'fi parent machine, the elide rest and slide 
ayetem— whether it bo a planing machine, a slotting 
maohino, a slide-lathe, or any other of the wondeiful tools 
which are now enabling ne to accomplish so much in 
mechaniBm," 

One of the things in which Mr. Maudalay took jnat 
pride wtis in the excellence of hin work. In designing and 
executing it, his main object was to do it in the best poe- 
sihle style and finish, altogether irreapeotive of the pro- 
bable pecuniary results. This he regarded in the light of 
a duty ho conld not and would not evade, independent of 
its being a good investmont for securing a future reputa- 
tion ; and the character which he thus obtained, although 
at times purchased at great cost, eventually justified the 
soundoesa of his views. As the eminent Mr. Penn, thft] 
head of the great engineering film, is accustomed to 
" I cannot afford to turn out second-rate work," so 
Maudslay found both character and pro£t in striving 
the. highest excellence in his productions. He was parti 
oular even in the minutest details. Thus one of the points 
on which he insisted — apparently a trivial matter, but in 
reality of considerable importance in mechanical constrao- 
tion — was the avoidance of sharp interior angles in iron- 
work, whether wrought or oast ; for he found that in such 
intorior angles cracks were apt to originate ; and when the. 
article was a tool, the sharp angle was lees pleasant to 
ttond as well as */: the eye. In th? application of 
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fevonrite round or hollow comer Byetem — as, for instanoe, 
in the otiBe of the points of jnsotioQ of the anns of a wheel 
with itfi contro and rim — he UBod to Ulastrate its Buperiority 
by holding up his hand and pointing out the nice rounded 
hollow at the junction of the fingers, or by referring to tho 
junction of the branches to the stem of a tree. Hence he 
made a point of having all the angles of his machine Iramo- 
■wrork nicely roimdod off on their exterior, and carefiilly 
hollowed in their interior angles. In forging such articleii 
be wonld bo shape his metal before bending that the result 
ahonld be the right hollow or rounded corner when bent ; 
the anticipated eitemal angle ialling into its proper place 
when the bar so shaped was brought to its iiltimate form. 
In all such matters of detail he 'was greatly assiHted by his 
early dexterity as a blacksmith ; and he used to xay that to 
be a good smith you must be able to see in the bar of iron 
the object proposed to be got out of it by the hammer or 
the tool, just M the sculptor is supposed to eeo in the block 
of atone the statue which he proposes to bring forth from 
it by his mind and his chisel. 

Mr, Mandslay did not allow hiioaelf to forget his skill in 
the use of the hammer, and to tho last he took pleasure in 
handling it, sometimes in the "way of businefis, and often 
through sheer love of his art. Mr. Naamyth says, " It was 
sue of my duties, while acting as assistant in his beautiful 
.'ittle workshop, to keep «p a stock of handy bars of lead 
which he had placed on a shelf under his work-bench, which 
was of thick elate for the more ready making of his usual 
iUnBtrative sketehes of machinery in chalk. His love ol 
iron-forging led him to take delight in foj^ing the models 
of work to be ultimately done in iron ; and cold lead being 
of about the same malleability as red-hot iron, famished 
a convenient material for illustrating the method to be 
adopted with the large work. I well remember the smile 
of eatisfactioo that lit up his honest face when he met with 
a good' e jcose for ' having a go at ' one of the bars of lead 
vilb hammer and anvil as if it were a bar of iron; and 
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Iiow, with a few dexterous stiokeA, jmscliiiiga of holes, i 
rounded uotclies, he would give the rough bar or block it* 
desired form. He always turned at working it out of the 
Bolid as muob ob possible, u as to avoid the risk of any 
oonooalod defect, to which ironwork built up of welded 
parts is bo liablo ; and when ho had thue cleverly finished 
hifci model, be used forthwith to Beai for the foreman of 
tiLuitbfi, aiid show him liow ho v/as to instinict his men im 
to the proper forging of tha desired object." One of Mr. 
Maudslay's old workmen, when icforiDing us of the skilful 
manner in which he hamllod tho filo, said, " It was a pleHsnro 
to Bee bim handle a tool of any kind, but he was quite 
spleiuiid vrith an eighteen-inch filel" The vice at which 
he worked was constructed by himself, and it was perfect 
of its kind. It could he turned round to any position on 
tbo boDob ; the jaws would turn from the hoi-izontal lo the 
perpendicular or any other position — upside-down if neces- 
sary — and they would open twelve inches parallel. 

Mr, Nasmyth furnishes the following further rocollco- 
tioQB of Mr. Maudslay, which will serve in some measure 
to illuHtrato his personal character. " Henry Maudslay," 
be says, " lived in the days of snuff-taking, which un- 
happily, as I think, has given way to tbe cigar'smoking 
sj'stem. He enjoyed his occaBional pinch very much. 
It generally precodod the giving out of a new notion or 
BuggeBtlon for an improvement or alteration of some job in 
hand. As with most of those who enjoy their pinch, abotil 
threo times as much was taken between the fingers as was 
utilized by the nose, and tbe consequence was that a lai^o 
unconsnmed surplus collected in the folds of the master's 
waistcoat as he sat working at his bench. Somotimee a 
file, or a tool, or some email piece of work would drop, and 
then it was my duty to go down on my knees and fetch it 
up. On such occasions, while waiting for the artlola, be 
would take the opportunity of pulling down his waistcoat 
front, which bad become disarranged by Jus onergotio 
working at the boncb ; and many a time liaye I come up 
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the dropped article, Lalf-blinded by tlie annff jerked 
my eyes from off hie waistcoat front. 
" All tie while he was at work he would be narrating 
Bome incident in his past life, or describing ihe progress of 
Bome new and important undertaking, in illustrating whicb 
lie would DBo the bit of chalk ready to his hand upon Ihe 
elate benoh before him, which was thus in almost contitant 
use. One of the ploasures he indulged in while ho sat at 
work was Music, of which he was very fond, — more 
particularly of melodies and airs which took a lasting hold 
on his mind. Hence be was never without an assortment 
of musical boxes, some of which were of a large size. One 
of these he would sot agoing on his library table, which 
was next to his workshop, and with the door kept open, 
is was thus enabled to enjoy the music while he sat work- 
ing at hie bench. Intimate friends would frequently coll 
upon him and sit by the hour, but though talking all the 
.wbile he never dropped his work, but continued employed 
cm it wilt as much zeal as if he were only beginning 
Jife. His old friend Sir Samuel Bentbam was a frequent 
caller in this way, as well aa Sir Isambard Brunei while 
fxicapied with his Thames Tunnel works,* and Mr. Cbantrey, 
.who was accustomed to consult him about the caKting of 
Jiia bronze frtatuary. Mr. Barton of the Eoyal Mint, and 
Mr. Donkin the engineer, with whom Mr. Barton was 
associated in ascertaining and devising a correct syt^tem of 
dividing the Standard Yard, and many other?, had like 
jHudlence of Mr. Maudslay in his little workshop, for 
friendly converse, for advice, or on affairs of business. 
,, " It was a special and constant practice with him on a 
^■workman's holiday, or on a Sunday morning, to take a 
flralk through his workshops when all was quiet, and then 
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And tbare exMntpe tbs nuioos jobs in band. On SBch 
occaciona lie carried with him a piece of ohslk, iritt 
which, in & neat and Tery legible hand, be wonld recwd hig 
remarks in the moet pithy and sometiniiBS ottOEtio tenna. 
Any eridence of want of correcbieeB in setting thtj^ 
equaiT', or in * flat filing,' which he held in high esteem, 
or imtidineGS in not sweeping down the bench and laying 
the tools in order, was sure to have a record in chalfc made 
on the spot. If it was a mild case, the reproof was 
recoriled in gentle terms, ainiply to show that the ma6t«r'8 
eye was on the workman ; bnt where the case deeerred 
hearty approbation or reqnired equally hearty reproof, the 
words employed were few, bnt went straight to the mark. 
These chalk jottings on the bench were held in the highest 
respect by the workmen themselves, whether they con- 
veyed praifio or blame, as they were sure to bo deserved; 
and when the men nest assembled, it soon became known 
all over the shop who had received the hononr or otherwise 
of one of the master's bench memoranda in chalk." 

The vigilant, the critical, anil yet withal the generona 
eye of tho master being over all his workmen, it will readily 
be understood how Maudslay's works came to be r^arded 
as a first-class school for mechanical engineers. Every ana 
felt that the quality of his workmanship waa,fully under- 
stood ; and, if he had the right stuff in him, and was 
determined to advance, that his progress in skill would bo 
thoroughly appreciated. It is scarcely necessary to point 
ont how this fooling, pervading the oatablishment, must 
have operated, not only in maintaining the quality of the 
work, but in improving the character of tho workmen. The 
results wore felt in the increased practical ability of a large 
number of artisans, some of whom subsequently rose to 
the highest distinction. Indeed it may be said that what 
Oxford and Cambridge are in letters, workshops such as 
Maudslay's and Penn'e are in mechanics. Nor can Oicford 
and Cambridge men be prouder of the connection with tfaeit 
respective colleges than mechanics such as Whitwortb, 
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Nosmyih, Roberts, Muir, and Lewis, ore of their connee- 
tion with tbo school of Maudalay. For all these dis- 
tingnished esgineera at one time or another formed part 
of hifl working atafF, and were trained to the eserciae of 
their speoial abilities under his own eye. The result has 
been a development of mechanical ability the lite of which 
perhaps is not to be found in any ^;o or country. 

Although Mr. Maudslay was an unceasing inventor, he 
tronbled himself very little aboitt patenting his inventions. 
He considered that the superiority of his tools and the 
exoellence of his worfe were his surest prol«ction. Yet he 
had sometimes the annoyance of being threatened with 
actions by persons who had patented the inventions which 
he himself had mad©.* He was much beset by inventors, 
Bometimofi sadly out at elbows, but always with a boimd- 
lees fortune looming before them. To such as applied to 
him for advioe in a &ank and candid spirit, he did not 
besitate to epeak freely, and communicate the results of 
Ids great experience in the most liberal manner; and to 
poor and deserving men of this class he was often fonnd as 
ready to help them with his purse as with bin still more 
valnable advice. He had a singular way of estimating the 
abilities of those who thus called upon him about their 
projects. The highest order of man was marked iu his 
own mind at 100 ; and by this ideal standard he mea- 
sured others, setting them down at 90, SO, and so on. A 
very first-mte man he would set down at 05, but men of 
this rank were exceedingly rare. After an interview with 
one of the applioants to him for advice, ho would say to 
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his pupil Nasmytb, " Jem, I tbiiik tliat man may be set 
down at 45, but he might be leorked up to GO " — a common 
enough way of epeaking of the working of a steaiu-ei^jine, 
but a somewhat novel though by no meauB an inexpressiTe 
mothud of estimating the powers of an individual. 

But while ho bad muoh toleration for modest and meii- 
toriouB inveutoie, ho bad a great dislike for BQcretrmongeTK, 
— Bohemers of the cloBe, cunning sort, — and ufiually mado 
short work of thom. lie had an almost equal averBicm 
for what he called the " fiddle-faddle inventore," witli 
their omnibua patontB, into which tbey packed every poa- 
eible thiug that their noddlcB could imagine. " Only ouce 
or twice in a century," said he, •' does a great inventor 
appear, and yet here we have a set of fellows oaoh taking 
out as many patents as would fill a cart, — Bomo of them 
embodying not a single original idea, but including in their 
Bpecifications all manner of modifications of well-known 
processes, as well as anticipating the arrangements which 
may become practicable in the progress of mechanical 
improvement." Many of these "patents" he regarded as 
mere pitfalls to catch the unwaiy ; and he spoke of such 
" inventors " aa the peats of the profeesion. 

'line peiwnal appearance of Henry Maudelay waa in 
coiTespondence with his ohaiacter. He was of a com- 
manding presence, for be stood full eix feet two inchoB in 
height, a massive and portly man. His face was round, 
full, and lit up with good humour. A fine, largo, and 
square forehead, of the grand conatructive order, domi- 
nated over all, and hia bright keen ejo gave energy 
life to his countenance. He was thoroughly "jolly " 
good-natured, yet full of force and character. It was 
positive delight to hear his cheerful, ringing laugh. He 
was cordial in manner, and his franfcneBs set everybody at 
their ease who had occaeion to meet him, oven for the 
first time. No one could be more faithful and consistent 
in his friendships, nor more firm in the hour ofaAv&ttdty. 
In fine, Henry Maudslay was, aa described by his friend 
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Mr. Nasmyth, the very beau ideal of an honest, upright, 
Btraight-forward, hard-working, intelligent Englishman, 

A Gevero cold which he caught on his way home from 
one of his visits to France, woa tho canso of his death, 
which occurred on the 14th of February, 1831. The void 
which hia decease caused was long and deeply felt, not 
only by his family and his lurgo cirolo of friends, but by 
hia workmen, who admired liina fcir his industiiol skill, 
and loved him because of liis invariably manly, genoroiih, 
and upright conduct towards thorn. He dii*eoted that liu 
should be buried in \Voolwich jiai-iHh-churchyard, whoru 
a cast-iron tomb, made to his owu design, was erected ovi;r 
hia remains, He had ovot a waiTQ heart for Woolwidi, 
where he bad been bom and brought up. He ortoti 
returned to it, sometimes to carry his molhor a Bharc of 
bis week's wages while nhe lived, and ai'terwarda to re^ 
ftesh himself with a sight of Iho noighhouihood with 
which ho had been so fapiiliar when a boy. Ue liked i(« 
green comioon, with the soldiers about it ; Shooter's Hill, 
with ita out-look over Kent and down the valley of tho 
Thames ; the river busy with shipping, and the royal craft 
loading and unloading their armamenta at the dookyarU 
wharves. He liked the clangour of the Arsenal smithy 
where he hail first, learned his art, and all tho busy in- 
dustry of the ]ilace. It -was natural, thorofut o, tlwt, beiiij^ 
proud of his early connection with Woulivii;h, bu bbuuld 
I wish to lie there; and \Voelwich, on ils yixvt, let us add, 
is equal reauou to be proud of lieniy Maudulay. 
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uodeoiibl^ tbeii due." — EdU- 



That skill in mechanical contrivance ia a matter of ediioa- 
tioa and training aa well as of inborn faculty, is clear from 
the fact of so many of our distingaiehed mechonicB under- 
going the earns kind of practical diecipline, and perhapa 
etill more so from the circamstance of BO many of tliem 
passing through the same workshops. Thus Maudslay and 
Clement were trained in the workshops of Bramah ; and 
BobortA, Wtitworth, Nasmyth, and others, ware trained in 
those of Mandslay. 

Joseph Clement was bom at Great Ashby in Westmore- 
land, in the year 1779. His father was a hand-loom 
weaver, and a man of remarkable culture considering hia 
humble station in life. He was an ardent student of 
natural hiat^ry, and possessed a much more complete 
knowledge of several snb-brauches of that science tlum 
\vas to have been looked for in a common working-man. 
One of the departments which ho specially studied was 
li^tomoli^y. In his leisure hours he was accustomed to 
traverse the country searching the hedge-bottoms for 
beetles and other insects, of which he formed a remarkably 
complete collection ; and the capture of a rare Hpecimeo 
was quite an event in his life. In order more delibe- 
rately to Htndy the habits of the bee tribe, be had • 
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number of hives coiiBtruct«d for the puipoae of enabliug 
bim to watch their proceedings without leaving his work j 
vid the pursuit waa a source of the greatest pleasure to 
him. He was a lover of all dumb creatures • his cottage 
was haunted by birds which Sew in and out at hia door, 
and Bome of them became 8o tame as to hop up to him and 
feed out of hia band. " Old Cloment " was also a bit of a 
mechanto, and such of hie leisure momenta aa he did not 
devote to insect-hunting, were employed in working a lathe 
of hia own constrootion, which ho used to turn liis bobUina 
on, and alao in various kinds of funateur mecbanias. 

TJin boy Joaeph, like other poor men's sons, was early 
■et to work. He received very little education, and leanit 
only the merest nidimonts of reading and writing at the 
village school. The rest of hia education he gave to him- 
self as he grew older. His father needed his help at the 
loom, where he worked with him for aome years ; but, as 
bandloom weaving was gradually being driven out by im- 
proved machaniam, the father prudently resolved to put 
bia son to a better trade. They have a saying in Cumber- 
land that when the bairns reach a certain age, they are 
thrown on to the house-rigg, and that those who stick on 
ore made thatchers of, while fhose who full off are sent to 
St Bees to bo made parsona of. Joseph mnat have been 
one of those that stack on — at all events his father decided 
to make him a thatcher, afterwards a slater, and he worked 
at that trade for five years, between eighteen and twenty- 
ttiree. 

The son, like the father, had a strong liking for me- 
chanics, and aa the slating trade did not keep him in regular 
employment, especially in winter time, he had plenty of 
opportunity for following the bent of hia inclinations. He 
made a friend of the village blacksmith, whoso awithy he 
waa aconstomed to frequent, and there be learned to work 
■t iiif) forge, to handle the hammer and file, and in a short 
time to ahoe horses with considerable oipertness. A couain 
of hie named Farer, a clock and watchmaker by trade, 
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Etaviug returned to the village from London, brought with 
him eomo books od mochaniCB, wliich he Isnt to Joseph to 
read ; and they kindled in him an ardent desire to be a 
mechanic ioBtead of a slatei'. lie nevertheless coutinncd 
to maintain himaelf by the latter trade for some time 
longer, nntil his skill had grown ; and, by way o£ cultivat- 
ing it, he determinod, with the aid of his friend tio village 
biaeksmith, to make a tnrniug-lathe. The two set to work, 
and the result was the production of au article in every 
way sujierior to that made by Clement's father, which was 
act^ordingly displaced to nlako room for the new machine. 
It waa found to work very eatiafactorily, and by its means 
Joseph proceeded to turn fifes, flutes, clarinets, and haut- 
boys; for to hia other accomplishments he joined that of 
mosio, and could play upon the instruments that ha made. 
One of his most ambitious efforts was the making of i 
pair of Noi-thumberland bagpipes, which he finished to hia 
satisfaction, and performed upon to the great deUght of ^ 
villagers. To assist his father in his entomological GtadiM, 
ho even contrived, with the aid of the descriptions given in 
the books borrowed from his cousin the watchmaker, (o 
mako for him a microscope, from which he proceeded b> 
make a reflecting telescope, which proved a very good 
instrument. At this early period (1804) ho also seems to 
nave directed his attention to screw-making — a branch of 
mechanics in which he afterwards became &moUB; and lio 
proceeded to make a pair of very satisfactory die-etockB, 
though it 18 said that he had not before seen or even hoarf 
of such a contrivance for making screws. 

So clever a workman was not likely to remain loi^ a 
village slater. Although the ingenious pieces of work 
which ho turned out by hia lathe did not bring him in 
much money, he liked tho occupation so much better th&n 
slating that he was gradually giving np that trado. Hi* 
father urged him to stick to slating as "a safe thing;" lut 
his own mind was in favour of following hia instinct to be 
a mechanic ; and at length ho determined to leave his villag* 



?. xra. DESIGNS AND MAKES POWEE-LUOMS. 239 

work in a new iine. He sncceeded in finding 

iployment in a small factory at Kirby Btophen, a town 

e thirteen milee from Gi-eat Aahby, where ho worked 

makidg power-looms. From an old Btatement of accottnt 

hie employer which we have seen, in his own 

idwriting, dated the 6th Septeraber, 1805, it appears that 

earnings at such work as " fitting the first set of iron 

QBB," " fitting np shittles," and " making laoddles," were 

Gd. a day ; and he mnet, dnring tho somo time, have 

red with his employer, who charged him as a set-off " 14 

'eaks bord at 8s. per weak." He aflierwarda seems to have 

'orked at piece-work in partnership with one Andrew 

Oamble — supplying the materials as well as the workman- 

■tiip for the looms and shuttles. His employer, Mr. George 

ilDickinson, also seems to have bought his reflecting telu- 

.Mope from him for the sum of 12f. 

From Kirby Stephen Clement removed to Carlisle, where 
iia was employed by Forster and Sons during the next 
two years at tho same description of work ; and he con- 
dncted himself, according to their certificate on his leaving 
their employment to proceed to Glasgow in 1807, "with 
Jfreat sobriety and indnstry, entirely to their satisfaction." 
While working at Glasgow as a turner, he took lessons in 
'^rawing from Peter Nicholson, the well-known writer on 
prpentry — a highly ingenions man. Nicholson happened 
call at the shop at which Clement worked in order to 
drawing of a power-loom ; and Clement's espres- 
ins of admiration at his oxpertness were so enthusiast io, 
fliftt Nicholson, pleased with the youth's praiso, asked if ho 
^nld be of service to him in any way. Emboldened by 
ttie offer, Cloment requested, as the greatest favour ho 
eonld. confer npon him, to have the loan of tho drawing ho 
liad just made, in order that ho might copy it. The request 
Was at once complied with ; and Clomont, though very poor 
at the time, and scarcely able to buy candle for the long 
■winter evenings, sat np lato every night until ho had 
(niabed it. Though the first drawing be hod over made, 
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)w hasdett it bftck to Nicholsan instead of the origmal, and 
at firat the drangbtfinaii did not lecogniee th&t the drawliig 
was not hia own. %Vliea Clement told him that it waa 
oaiy the copy, Nicholson's hrief bat emphatio praise wu — 
"Yoai^ man, yoa'S do!" Frond to have such a pupil, 
Nicholson generonsljr offered to give him grataiions leeeotu 
IB dnwing, which were thankfully accepted ; and Clement, 
woiking at nights with great ardour. Boon made rapid pro 
grem, and became an expert draoghtsman. 

Trade being veiy alack in Glasgow at the time, Clement, 
after about a year's stay in the place, accepted a eitiiation 
with Messrs. Leys, Masaon, and Co., of Aberdeen, with 
whom he began at a guinea and a half a week, firom which 
he gradaally rose to two guineas, and nltiiaately to three 
guiaeaa. His principal work cooeiated in deeigniiig and 
making power-looms for his employers, and fitting them 
up in different porta of the country. He continued to 
devote himself tu the study of practical mechanics, and 
luade many improTemenla in the toola with wliich he 
worked. Sttiile at Gla^ow he had made an improved 
pair of die-stocks for Bcrews; and, at Aberdeen, be made 
a turning-lathe with a sliding mandrill and guide-screwB, 
for cutting BCtews, furnished also with the meana for cor- 
recting guide-Gcrews. In the same machine he introduced 
a small slide teat, into which he fixed the tool for cutting 
the screws, — having never before seen a elide rest, though 
it is very probable he may have heard of what Maudalay 
had already done in the same direction. Clement con- 
tinued during this period of his life an industrious self- 
cultivator, occupying moat of bis spare hours in mechanioal 
and landfioape drawing, and in various Btudiea. Among the 
papers left behind him we find a ticket to a course of in- 
struction on Natural Philosophy given by Professor Cop- 
land in the Mariaofaal CoU^e at Aberdeen, which Clement 
attended in the session of ISI2-13; and we do not doubt that 
our mechanic was among the moat diligent of hie pupils. 

Towards the end of 1813, after saving about 100/. out of 
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B wages, element rosoWed to proceed to London for the 
rpoae of improTuig himeelf in his trade and pushing his 
J in the world. The coaoh by which he travelled set 
1 down in Snow Hill, Holbom ; and his first thought 
B of finding work. He had no &iend in town to consult 
Ion the matter, eo he made inquiry of the coach-guard 
I whether he know of any pereon in the mechanical lino in 
that neighbourhood. The guard said, " Yes ; there was 
Alexander Galloway's show shop, just round the corner, 
uud ho employed a large numher of hands." Running 
round the comer, Clement looked in at Galloway's window, 
through which he saw some lathes and other articles used 
in machine shops. Next morning he called upon the owner 
of the shop to aek employment. "What can you do?" 
atihed Galloway, " I can work at the foi^e," said Clement. 
"Anything else?" "I can turn." "What else?" "I 
can draw." "What!" said Galloway, "can you draw? 
Then I will engage you." A man who could draw or work 
to a drawing in those days was regarded as a superior sort 
of mechanic. Though Gtalloway was one of the leading 
tradesmen of his time, and had excellent opportunities for 
advancement, he missed them all. As Clement afterwards 
said of him, "He was only a mouthing eommon-council 
man, the height of whose ambition was to be an alderman ;" 
and, like most corporation celebrities, he held a low rank 
in his own bueinosB. He very rarely went into his work- 
shops to superintend or direct bis workmen, leaving this 
ti; his foremen ^a sufficient indication of the causes of his 
jailnro as a mechanic.* 
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On entering Galloway's shop, Clement waa first employ od 
in working at the lathe; but finding tlie tools so bad 
tliat it was impoBBible to cxocnto satisfactory Tvork with 
them, he at once went to the forge, and began making 
a now set of tools for himaelf, The other men, to whom 
Buch a proceeding was entirely now, came round hun to 
observe his operatione, and they were much struck with 
hia manual dexterity. The tools made, he proceeded to 
uso them, displaying what seemed to the other workmen 
aa unusRal degree of energy and intelligence; and some 
of the old hands did not hesitate already to pronounce 
Clement to bo tho best mechanic in the shop. When 
Saturday night came round, tho other men were curious to 
know what wages Galloway would allow the new hand ; 
and when he had been paid, they asked him. " A guinea," 
was tho reply. " A guinea I Why, you are worth two if 
you are worth a shilling,'' s[^d an old man who came out 
of the rank— an excellent mechanic, who, though com- 
paratively worthless through his devotion t« drink, knew 
Clement's money value to his employer better than any 
man there ; and ho added, " Wait for a week or two, 
and if you are not better p^d than this, I con tell 
you of a master who will give you a fairer wage." 
Soveial Saturdays came round, but no advance was 
made on the guinea a week; and then the old workman 
recommended Clement to offer himself to Bramah at 
Fimlico, who was always on the look out for first-rate 
meohanicB. 

Clement acted on the advioe, and tock with him MMa 
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of his dnmings, at eight of 'which Bramah immediately 
Engaged him for & moath ; and at the end of that time be 
liad given bo much satisfactioa, that it was agreed he 
dioald continiio for three months longer at two guineaa 
ft week. Clemoot was placed in charge of the tools of the 
ihop, and he showed himBolf so apt at introducing im- 
provements in them, as well aa in organizing the work 
Wth a view to despatch and economy, that at the end of 
the t«nn Bramah made him a handsome present, adding, 
*' If I had secured your eervices five years since, I woulii 
How have been a richer man by many thousanda of pounds." 
A formal agreement for a term of five years was then 
©ntared into between Cramah and Clement, dated the 1st 
of April, 1814, by which the latter undertook to fill tho 
Affice of chief- draughtsman and superintendent of the Pim- 
iico Works, in Gonaideration of a salary of three guiiieae 
ti week, with an advance of four shillings a week in each 
Bucceeding year of the engagement. This arrangement 
proved of mutual advant^;6 to both. Clement devoted 
himBelf with increased zeal to the improvement of the 
jneohanical arrangements of the coDaera, exhibiting hi^ 
Jngenuity in many ways, and taking a genuine pride in 
npholding the character of his master for turning out firat- 
glass work. 

On the death of Bramab, his sons returned from college 
and entered into possession of tho bufiiness. They found 
Clement the ruling mind there, and grew jealous of him 
to such an extent that his situation became uncomfortable; 
utd by mutual consent he was allowed to leave before the 
expiry of hia term of agreement. He had no difficulty in 
finding employment; and was at once taken on as chief 
dranghtsman at Maudslay and Field's, where he was of 
panoh assistance in proportioning the early marine engines, 
for tho manulactare of which that firm were becoming 
celebrated. After a short time, ho became desirone of be- 
■ ynning business on bis own account as a mechanical 
mgineer. He was encouraged to do this by the Duke of 
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NoTtbumberland, who, being a great lover of mechanioB snd 
himself a oapitAl tamer, uaed often to visit Maudelaj^a, 
and thus became acquainted with Clement, whose expert- 
tiess OS a draughtsman and mechanic he greattj admired. 
Being a man of frugal and sober habits, always keeping hti 
expenditure very considerably within his income, Clement 
had been enabled to accumulate about 5002., which be 
thought would be enough for his purpose ; and he accord- 
ingly proceeded, in 1817, to take a small workshop in 
Prospect Place, Newington Butts, where he began buBinesB 
an a mechanical draughtsman and manufacturer of small 
machinery requiring first-class workmanship. 

From the time when he took his first gratuitous lessoni 
in drawing from Peter Nicholson, at Glasgow, in 1807, he 
had been steadily improving in this art, the knowledge of 
which is indiKpeneable to whoever aspires to eminence 
aa a mechanical engineer, — until by general consent 
Clement was confeeaed to stand unrivaled aa a draugbta- 
man. Some of the very beat drawings contained in the 
Transactions of the Society of Arts, from the year 181T 
downwards,— especially those requiring the delineation tit 
any unusually elaborate piece of machinery, — proceeded 
from the hand of Clement, In some of these, he reached t 
degree of troth in mechanical perspective which has never 
been surpassed.* To facilitate his labours, he invented aa 
extremely ingenious instmment, by means of which ellipse* 
of all proportions, as well as circles and right lines, might 
be geometrically drawn on paper or on copper. He took 
his idea of this instrument from the trammel used by oar- 
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peatera for drawing imperfect ellipBes ; and wlien lie bad 
ancceeded in avoiding the onisaing of the points, he pro- 
ceeded to invent the straight-line motion. For this in 
vention the Society of Arts awarded him their gold medal 
in 1618. Soma years later, ho submitted to the same 
Society his invention of a stand for drawings of large size. 
He had eiperienced considei-able difficnlty in making such 
drawings, and with bia aocnHtomed readiness to overcome 
obstacles, he forthwith set to work and brought out bis 
new drawing-table. 

As with many other original -minded mechanics, inven- 
tion became a habit with him, and by study and labour 
he rarely failed in attaining the object which he had bent 
his mind upon accomplishing. Indeed, nothing pleasoil 
him better than to have what he called " a tough job ;" as 
it stimulated his inventive faculty, in the exercise of which 
he took the highest pleasure. Hence mechanical sctiemem 
of all kinds were accustomed to reaort to Clomont for 
help when they had found an idea which they desired to 
embody in a machine. If there was any valno in their 
idea, none could be more ready than be to recognise its 
merit, and to work it into shape ; hut if worthless, ho spoke 
out his mind at once, dissuading the projector from wasting 
upon it fiirther labour or expense. 

One of the important branches of practical mechanics to 
which Clement continued through life to devoto himself, 
■was the improvement of self-acting tools, more especially 
of the slide-lathe. He introduced various improvements in 
its oonetructioQ and arrangement, until in bis hands it 
became aa nearly peifect as it was possible to be. In 1818, 
he famished the lathe with a elide rest twenty-two inches 
iong, for the purpose of cutting screws, provided with the 

ans of self-correction; and some years later, in 1827, 
the Society of Arts awarded him their gold Isis medal for 
his improved tnming-lathe, which embodied many inge- 

lus contrivances calculated to increase its precisian and 
SDonracy in large enr^oe-tuming. 
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Tho bcAittiful arrengementa onbodied £b Vr. CIcnKnfa 
improved Iiitbe can with difficalty be dflecrOied is vtnde; 
bat itd ingeauitj may be inferred fitm » Inief statesieiit of 
the defects which it wu invented io remedy. u>d whicli it 
KnccesBfdllj' overcame. When the mandrill of a latlie, 
having a metal plate fixed to it. tntna nvnd with a nni- 
furm motion, and the slide rest which camea the cntfer is 
moving from the circumference of the work to the centre, 
it will bo ohviima that the quantity of metal jMssing orer 
the edge of the cutter at each revelation, and tberefote at 
eqnal intervals of time, is continnally diminishing, in exact 
proportion to the spiral line described by the cotter on the 
fnce of the work. But in turning metal plates it is foimd 
very inexpedient to increase the speed of the work beyond 
a certain quantity ; for when this happens, and the tool 
passes the work at too great a velocity, it heats, aoftcns, 
and is gronnd away, the edge of tie cotter beconiee dull, 
and the Burlace of the plate is indented and bTtmiahed, 
instead of being turned. Hence loss of time on the part 
of the workman, and diminished work on the part of the tool, 
results which, considering- the wages of the one and the 
capital expended on the construction of the other, are 
of no small importance ; for the prime objects of all im- 
provement of tools are, economy of time and economy of 
capital— to minimize labour and cost, and maximize result. 

The defect to which we have referred was almost the 
only remaining imperfection in the lathe, and Mr. Clement 
overcame it by making the machino self-regulating; so 
that, whatever might bo lie situation of the cutter, equal 
quantities of metal should pass over it in equal times, — tho 
speed at tho centre not exceeding that sui(«d to the work 
at the oircnmferenco, — while the workman was enabled 
to convert the varying rate of the mandrill into a uni- 
form one whenever he chose. Thus the expedients of 
wheels, ri^;ers, and drums, of different diameters, by 
which it had been endeavoured to alter the speed of the 
lathe-mandrill, aooording to the hardness of the metal and 
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ithe diameter of Hts thing to be turned, were effectually 
'disposed of. Those, though aneworing very well where 
'o^lLoders of equal diameter had to bo bored, and a uni- 
form motion was all that was required, were found very 
inefficient whoro a plane surface had to be turned ; and iL 
was in such cases that Mr. Clement's lathe was found bo 
valuable. By its means snrfacea of unrivalled correctnosB 
■were produced, and the slide-lathe, bo improved, became 
iBcognised and adopted as the most accurate and exton- 
■ftively applicable of all machine-tools. 

The year after Mr. Clement brought out hia improved 
' tcming- lathe, he added to it hia self-adjusting double 
driving centre-chuck, for which the Society of Aria awarded 
him their silver medal in 1828. In introducing this in- 
dention to the notice of the Society, Mr. Clement said, 
" Although I have been in the habit of Iruming and mating 
tnming-lathes and other inachinery for upwards of thirty- 
five years, and have examined the best turning-laties 
in the principal manufactoriea throughout Great Britain, I 
find it universally regretted by all practical men that they 
cannot tnm anything perfectly true between the centres of 
the lathe." It was found by experience, that there was a 
■degree of eccentricity, and consequently of imperfection, 
in the figure of any long cylinder turned while Buapcndod 
between the centres of the lathe, and made to revolve by 
the action of a single driver. Under Huch circumslances 
'the presBure ot the tool tended to force the work out of the 
right line and to distribute the strain between the driver 
■and the adjacent centre, so that one end of the cylinder 
became eccentric -with respect to the other. By Mr. Cle- 
ment's invention of the two-anned driver, which was solf- 
adjnating, tho strain waa taken from the centre and divided 
between tho two arms, which being equidistant from the 
centre, effectually corrected all eccentricity in the wprk. 
This invention was found of great importance in ensuring 
■ thetruetuming of large inachinery, which before bad been 
found a matter of considerable difficulty. 
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In the Bame yea.- (1828) Mr. Glemeat began tho making 
cf fiuted tape and dies, and ho established a meohanicat 
practice with reference to the pitch of the screw, which 
proTed of the greatest importance in the ecoDomics of ma- 
nufactoie. Before bis time, each mechanical engineer 
adopted a thread of his own ; eo that when a piece of work 
came nnder repair, tho screw-hob had usually to be drilled 
out, and a new thread was introduced according to the 
nsage which prevailed in the shop in which the work wu 
executed. Mr. Clement saw a great waste of labour in 
this practice, and he promulgated the idea that every screw 
of a particnUr length ought to be furnished with ite 
appointed number of threads of a settled pitch. Taking 
the inch as the basis of his calculations, he detonuincd 
the number of threads in each case; and the practice thus 
initiated by him, recommended as it was by convenience 
and economy, was very shortly adopted throughout the 
trade. It may be mentioned that one of Clement's ablest 
joameymen, Mr, Whitworth, has, since his time, been 
mainly instrumental in establishing the settled practice j 
and Whit worth's thread (initiated by Clement) has become 
recognised throughont the mechanical world. To carry 
out his idea, Clement iavented his screw-engine lathe, 
with gearing, mandrill, and aliding-table wheel-work, by 
means of which he first cut the inside sorow-tools from the_ _ 
left-handed hobs — the reverse mode having before 1 
adopted, — while in sbaping machines he was the first tl 
OHO the revolving cutter attached to the slide rest, ~' 
in 1828, he fiuted the taps for the first time with a revolv-'' 
ing cutter, — other makers having np to that time only 
notched them. Among hie other inventions in screws may 
be mentioned his headless tap, which, according to Mr. 
Nasmyth, is so valuable an invention, that, "if he had 
done nothing else, it ought to immortalize him among 
meohanioB, It passed right through the hole to be tapped, 
and was thus enabled to do the duty of three ordinary"^ 
Borewe." By these improvements much greater prooisioa 
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ns eecui'cd in ihe man nfac tore of tools and machinery, 
pcompani^ by a greatly rednced cost of production ; the 
unite of which are felt to this day. 

Another of Mr. Clement'e ingeuions inventions was his 
Waning Machine, by means of which metal plates of large 
llmenHioas were planed with perfect truth and finished 
rith beantrful accuracy. There is perhaps scarcely a ma- 
liine about which there has been more contFoveray than 
ids; and we do not pretend to be able to determine the 
HpectiTe merits of the many able mechanics who have 
lid a hand in its invention. It is exceedingly probable 
kat others besides Clemont worked out the problem in 
beir own way, by indepondont methods ; and this is con* 
rmed by the circumstance that though the results achieved 
y the respective inventors wero the same, the methods 
Bnployed by them were in many respects different. As 
^ai-ds Clement, we find that previous to the year 1820 
IB had a machine in regular ose for planing the triangular 
U» of lathes and the Bides of weaving-looms. This in- 
bument was found so useful and so economical in ila 
rorking, that Clement proceeded to elaborate a planing 

rihine of a more complete kind, which he finished anil 
to work in the year 1825. He prepared no model of it, 
iQt made it direct from the working drawings : and it was 

10 nioely constructed, that when put together it went 
Rrithout a hitch, and has continued steadily working for 
■ore than thirty years down to the present day. 

Clement took out no patent for his invention, relying 
in* protection mainly on his own and his workmen's skill 
B using it. We therefore find no speoification of his 
■achiae at the Patent Office, as in the case of most other 
lapital inventions ; but a very ooropleto account of it is to 
M found in the Transaotions of the Society of Arts for 1832, 

11 described by Mr. Tarley. The practical value of the 
Planing Uachine induced the Sociefy to apply to Mr. Ole- 
Bent for liberty to publish a fall description of it; and 
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Mr. Tadej'a pffr was tlia reeolL* It may be briefly 
glUBd that this eogmeer's pl&ne diffeis greatly &t»n the 
fijTitry'ii pluB, tlie catter of whidi is onJj alliDwed to 
pnjMt ao &z ic to admit of a thin ebaTing to be slioed 
3^ — ibo plane wwiitig fi&t in ptoportjon to tLo width of 
fk» tool, and its length and str^g^toesa preTenttog the 
csttn bnoB deaoeiidiiig into any h(Jlo«B in the wood. 
7k OTigiiioat^a plane more reaembles the tnniing-Iathe, of 
wbiditBdeed H is bnt a mt^dificaticm, working upon the eame 
p«iaci|de, en flat earfaoea. Tlie tools or cutters in Oe- 
aeat'a madiine were dmilar to tfaoee used in the latho, 
Tkiying in like manner, but performing their wurk in 
i^^ lines, — ibe tool b^ng stationary and ihe work moTicg 
Bnder it, llw tool only tzaTolling when trmt-iti g lateral 
evta. ^ ^T« time two cntterB were moonted, one to cut 
thn itwfc wUle gMng, the other while retoming, both being 
BO amBged and beU as to be presented to the work In the 
fliawa t manner, and with the least po^ble friction. The 
bed of the machine, on 'which the work was laid, passed 
under the cnttera on perfectly trae rollers or wheels, 
lodged and held in their bearings as accurately as the best 
nandriU oonld be, and having set-scrows acting against 
their catds totally prevsiting all end-motion. Tbe mach tne 
«ras bedded on a masaiTe and solid foundation of masonrv 
in hewry blocks, the sapport at all points being so com 
fii6t» as ^botmlly to destroy all tendency to vibration, 
wiA tlM ol^ect of securing full, roand, and quiet cuts. 
The mU«« on which the planing-machine travelled wore 
» troe. that Clement himself nsed to say of them, " Tf 
jvn YTOJ* lo put bat a paper shaving noder one of the 
nJlera. it «w«ld at one« stop all the rest." Nor was this 
KOf oxag^ntioB — the entire mechanism, notwithstanding 
iU great aiae, being as tnw and aocoiate aa that of a wat«h. 
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7 an iugisniutis udap'tation of ihfi tipparatns, -wliich will 
also bo found described in the Society of Arts paper, the 
planing machine miglit be fitted with a lathe-bed, either 
to bold two centres, or a head with a suitable mandrill. 
"When so fitted, the machine was enabled to do the work 

, lnrning-lathe, though in a different way, otittinE 
cylinders or cones in their longitudinal direction perfectly 
ptraigbt, as well as solids or prisms of any angle, cither 
by the longitudinal or lateral motion of the cutter ; whilst 
by making the wort revolve, it might be tnmed aa in any 
btber lathe. This ingenious machine, as contrived by 
Mr. Clement, therefore represented a complete union of 
the turning-lathe with the planing machine and dividing 
engine, by which turning of tlie most complicated kind 
might readily be executed. For ten years after it was 

"n motion, Clement's was the only machine of the sort 
available for planing lai^ work ; and being consequently 
Very much in request, it was often kept going night and 
■day, — the earnings by the planing machine alone during 
that time forming the principal income of its inventor. 
As it took in a piece of work sis feet square, and as his 
^ charge for planing was three-halfpence the square inch, or 
eighteen shillings the square foot, he could thus earn by 
■hifi machine alone some ten pounds for every day's work 
■of twelve hours. We may add that since planing machines 
I various forms have become common in mechanical 
^^fforkshops, the coat of planing does not amount to more 
"ihan three-halfpence the square foot. 

The excellence of Mr. Clement's tools, and his woll- 
"known skill in designing and executing work requiring 
tmnsnal acenracy and finish, led to hia being employed by 
*Mr. Babbago to make his celebrated Calculating or Differ- 
■ence Engine. The contrivance of a machine that should 
work out complicated sums in arithmotio with perfect 
■prroision, was, as may readily be imagined, one of tlie 

kmort difficult feats of the mechanical intellect. To do this 
VAs in an especial sense to stamp matter with the im< 
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■ of pnhM«, btbi t£ bone or 

TheuoM 

B of ■ litiag iDd Um ptiactplM cf geosketij. 
whi[<|Miiltj alopted tke Alncn, dividiiig 
aoC pM|>^i&Ml>T liBM or bus, and from the 



k of c « ki a» «Ud Ocj g»Te to a»A pebUe 
m wiMiliii iBniliijiil OB lb« boMid, we hftTs derirod otf 
|bi|^A «wd to adbaUt. He aarae iBabnmetit ocn- 
&ned to bo e^pioywi doling the middle ages, and tbe 
toUa and bf Ae Ih^wh Cooit of Excheqiier was but a 
Modified fixn of tbe <^eek Abacas, tbe chequered lines 
aooM it ^ring tbe deai^iation to the Court, which atill 
■orTTTee. Tilliea, txoa tbe French word laHkr to out, 
were anotbar of tbe mechanical methods employed to 
twoid oomptitatioits, though in a veiy rude way. Step 
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\fy step improvements were made; the moet important 
being that invented by Kapier of Merchiston, the inventor 
of logarithmB, commonlj called Napier's bones, consiHting of 
a namber of rods divided into ten equal BtjuoreR and num- 
bered, so that the whole when placed together formed the 
common mnltiplication table. By these means various 
operations in multiplication and division were performed. 
Sir Samuel Morland, Gunter, and Lamb introduced oiher 
contrivances, applicable to trigonometry ; Gunter's scale 
being still in common use. The calculating machines of 
Gersten and Pascal were of a different kind, working out 
arithmetical calculations by means of trains of wheels aqd 
other arrangements; and that contrived by Lord Stanhope 
for the purpose of verifying his calculations with respect 
to the National Debt was of like character. But none of 
these will bear for a moment to be compared with the 
machine designed by Mr. Babbage for performing arith- 
metical calcnlations and mathematical analyfies, as well as 
for recording the calonlationa when made, thereby getting 
rid entirely of individual error in the oporations of calcu- 
lation, transcription, and printing. 

The French goveminent, in their desire to promote the 
ostension of the decimal system, had ordered the oonstruo- 
tion of logarilhmical tables of vast extent ; but the great 
labour and expense involved in the nndertaking prevented 
the design from being carried out. It was reserved for 
Mr. Eabbaga to develops the idea by means of a machine 
which he called tho Difibronos Engine. This maohine is 
of BO complicated a character that it wonld be impossible 
for us to give any intelligible description of it in words. 
Although Dr, Lardner was iiorivallod in the art of de- 
scribing mechanism, he occupied twenty-five pages of the 
' Edinburgh Eeview' (vol.59)iii endeavouring to describe 
its action, and there were several features is it which he 
gave up as hopeless. Some parts of the apparatus and 
modes of aodon are indeed ertraordinary — and perhapa 
none more so than tliat for ensuring accnraoy in the calca- 
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latml lotiiiltjj, — lliB mdohiiie actually correcting itself, and 
rubbing itself back into accuracy, wbou the disposition lo 
vrr occars, by the friction of the adjacent machinery ! 
When an error is mode, the wheels become locked and 
refuse to proceed ; thus ihe machine must go rightly or 
not at all, — an arrangement aa nearly roaembling volitiuu 
ON anything that brass and steel are likely to accomplish. 

This intricate subject was taken up by Mr. Babbage in 
1821, when he undertook to superintend for the Britiah 
govorninent the construction of a machine for calcuJatiDg 
and printing mathematical and astronomical tables. The 
model fifBt oonstructed to illustrate the nature of his in- 
vention produced figures at tie rate of 44 a minute. In 
1823 the Boyal Society was requested to report upon the 
invention, and after full inquiry the committee recom- 
mended it as one highly deserving of public enoourage- 
ment A sum of 15001. waa then placed at Mr. Bab- 
bago's disposal by the Lords of the Treasury for the 
purpose of enabling him to perfect bis Invention. It was 
at this time that he engaged Mr. Clement as draughtsman 
and mechanio to embody his ideas in a working machine. 
Numerous tools were expressly contrived by the latter for 
osoouting the several parts, and workmen were specially 
educated for the purpose of using them. Some idea of the 
elaborate character of the drawings may bo formed fiom 
the fact that those required for the calculating maohiuery 
alone — not to mention the printing machinery, which was 
almost equally elaborate — covered not less than four hun- 
dred square feet of surface I The cost of executing the 
calculating machine was of course very great, and the pro- 
gress of the work was necessarily slow. The coosequeuoe 
was tliat the government first became impatient, and then 
began to gniiuble at the expense. At tbe end of seven 
years the engiueer'a bills alone were found to amount to 
. Babboge'i 
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In order to make more satiefaotory progi 
3 determined to remove the work* to the neighbt 
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luHid of Mr. Babbage'e own residence ; bnt its Clomcnl's 
clflimfl for conducting the operations in the new premisua 
were thought exorbitant, and as lie himself cocsidered that 
the work did not yield him the average profit of ordinary 
employment in hie own trade, he evenlnally withdrew from 
the enterprise, taking with hijn the tools which he hiul 
OonBtruotod for eieouting the machine." ITio govomment 
also shortly after withdrew from it, and from that time tho 
Bcheme was Buspendod, the Calculating Engine remaining a 
l>eautiful but imfinished fragment of a great work. Thou^'h 
originally intended to go as far as twenty figures, it was 
only completed to the extent of being capable of ealon- 
luting to the depth of five figures, and two orders of dif- 
ferences; and only a small part of the proposed jwinting 
machinery was ever made. The engine waa placed in the 
museum of King's College in 1843, enclosed in a glass case, 
nntil the year 1862, when it was removed for a time to 
the Great Exhibition, where it formed perhaps the most 
remarkable and beautifully executed piece of mechanism — 
the combined result of intellectual and mechanical con- 
fiivance — in the entire collection. f 



IV. 

t A coniiplele aocoont of tho cal- 
oulatjug matbiDc, as well na oF an 
■HBljdcfd engine afterwjirdB oontriTed 
Yij Ur. Babluge, of eldll gnat«r power 
Ihan th« other, will be found in the 
AtMotUgua UmverttUa da Gmive, 
of *!Jch ■ traaBlalion into Ei^lish, 
with Gopioiu originiil notei, by the late 
LadjLoTelsc^daaghlerofLordBjrDn, 
vu published m the 3nj rol. of Taylor's 
iB(wntij(aJf*m<»Vs(Landoii,1843). A 
funory «f the machine, and of (he 
fireumstauces connected with iU con- 
ttractioii, will aleo bo found inWeld'e 
Mi^ory cf fJie Soyal Society, tdL ii. 
969-391. ICremaJnalobeBddeJ.that 
the perusal by Misers. Scheutx of^tocb- 
ftnlm of Dr. Lardner's account of Mr, 
^•bbage'a engine In the Edinburgh 



Bmiica), led those clctcr mechanics U 
enUr upon the achcme of conBCructing 
and coiDpleting it, and the result is, 
that thfir machine not only catculat« 
the tables, but prints the itsulta. It 
toot Ihem nearly twenty years to per- 
fect it, but when completed the machiDe 
seemedtobeaimost copabl e of thi nking. 
The original wsb eihibiled at the Paile 
Iflihibition of 1S55. A copy of it has 
since been lecured by tiis English 
GoTernment at a cost of I200f., and 
it is now busily employed at Somenet 
House in working out annuity and 
other tables for the Kegislrar-Genenl. 
The copy was coUBtructed, witli eerenl 
ndmirable i m provemeuta, by the M(un. 
Uonkln, the well-known uKchimicel 
engineer!, allec the working dmwingi 
of the iienn. Scheuti. 
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Clement was on various othor ocoaaions invited \ 
undortako work requiring oitra skil], which other a 
cbaDioB wore unwilling or unable to execute. 
thuB always full of employment, never being nnder tl 
uocossity of canvassing for customers. He was almoat d 
stantly in his workshop, in which he took great p 
Uis dwelling was over the office in the yard, and it v 
with difficulty ho could be induced to leave the j 
misoa. On one occasion Mr. Brunei of the Great Westoni 
Bailway called upon him to ask if he could supply him 
with a Buporior steam-whistle for hia locomotives, the 
whistles which they were using giving forth very little 
sound. Clement examined the specimen brought by 
Bnmel, and pronounced it to be "mere tallow^ihandler'B 
work." He undertook to supply a proper ai-ticle, and 
aflor his usual fiishion he proceeded to contrive a machine 
or tool for the express purpose of making steam- whistles. 
Thoy wore made and supplied, and when mounted oil th? 
locomotive the effect was indeed " screaming," They 
were heard miles off, and Brunei, delighted, ordered a 
hundred. But when the bill came in, it waa found that 
the charge made ibr them was very high — as much as 40J. 
the set. The company demurred at the price, — Brunei 
declaring it to be six times more than the price they had 
before been paying. " That may be ; " rejoined Clement, 
" but mine are more than aix times better. You ordered a 
first-rate article, and you must be content to pay for it." 
The matter was referred to an arbitrator, who awarded the 
full sum claimed. Mr. Weld mentions a similar case of 
an order which Clement received from America to make 
a large screw of given dimensions " in the best possible 
manner," and he accordingly proceeded to rn^o one 
with the greatest mathematical accuracy. But his bUl 
amounted to some hundreds of pounds, which completely 
staggered the American, who did not calculate on having 
to pay more than 201. at the utmost for the screw. The 
matter was, however, referred to arbitrator^ who gave 
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in the former cobo, in favour of the 



'ks whiob Clement executed as a 
tho building of an organ for his 
It will be rciaeiabered that when (vorkiug as a 
Blator at Great Aehby, he had made flutes and cUrinela, 
and now in bis old age he detsnuined to try bia skill ut 
making an organ — in his opinion the king of inueical in 
«tmnientB. The building of it beaune his hobby, and hia 
greatest deligbt was in euporintonding its progiess. It 
ooBt him about two thousand pounds in labour alono, hut 
he lived to finish it, and we havo been informed that it 
was pronounced a very excellent instrument. 

Clement was a heavy-browed man, without any polish 
speech ; for to the last he continued to use his 
dialect. He was not educated in a 
literary eense ; for be read but little, and could write with 
difficulty. He was eminently a raecbanic, and had aebieved 
his exquisite skill by observation, experience, and reflec- 
tion. His head was a complete repertory of inveiitioiiB, on 
which he was constantly drawing for the improvement of 
mechanical practice. Though he had never more than 
thirty workmen in his factory, they were all of the flret 
class ; and the example which Clement set before them of 
extreme carefulness and accui'acy in esecution rendered 
his shop one of the best scbools of its time for the training of 
thoroughly accomplished mecbajiics. Mr. Clement died 
,jn 1844, in bis sixty-fifth year; after which his works 
carried on by Mr. "Wilkinson, one of his nephews; 
.Bud hie planing machine still coiitinues in useful work. 
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" Foiuidere nnd Maaton of bM1«s and cities, lawsivcn, eitirpen 

, lyrante, fathers ufUie people, snii othsr aninent petBons '- '-" 

ment, were hononi-ed but wilh titles of Wortliiei or dam 

ditiei towards man's life, ware erer conteoated amonEst the god* them- 
■lTe»." — Baoos, Admncenient of Learning, 



While Budh wore tho advances made in the arte of tool- 
making and enginoH30n8truction through the labours ot 
Bramah, Mandsliiy, and Clement, there were other me- 
ohanica of almost equal eminence who flonrished about the 
same time and enhseijuently in sevei'al of the northern 
manufacturing towns. Among these may be mentioned 
James Fox of Derby; Matthew Murray and Peter Fair- 
bairn of Leeda ; Eichard Eoberte, Joseph Whitworth, 
James Nasmyth, and William Fairbaim of Manchester ; to 
all of whom the manufacturing industry of Great Britain 
stands in the highest degree indebted. 

Jamea Fox, the founder of the Derby firm of mBchanical 
engineorH, was originally a butler in (he servico of the 
Hev. Thomas Gisbome, of Foxhall Lodge, Staffordshire. 
Though a situation of this kind might not seem by any 
means favourable for the display of mechanical ahility, 
yet the butler's instinct for handicraft was so strong that 
it oould not be repressed ; and his master not only en- 
couraged him in the handling of tools in his leisuro hotira, 
but liad so genuine an admiration of his skill as well as 
his oscellonl qualities of character, tliat ho oTentually fiq- 
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[ BJfihcd him witli tiiB meana of Ibeginning tniginess on h\t 
' (Mvn account. 

The growth and oKtonsion of the cotton, silk, and liice 
trades, in the neighboiu'hood of Derby, fiimished Fos with 
luRicioiit opportiinitiea for the axercise of his mechaniuiil 
skill ; and he soon found ample scope for its employment. 
His lacc machinery bBcaine celebrated, and he supplied it 
largely to the neighbouring town of Nottingham ; he aleo 
obtained considerable employmant from the great firms of 
Arkwright andKtrutt — the founders of the modem cotton 
maimfacture. Mr. Fax also became celebrated for bin 
lathes, which wore of excellent quality, still maintaining 
their high reputation ; and besides making lai^ely for llio 
Biipply of the home demand, he exported much machinery 
abroad, to France. Ensaia, and the Mauritius. 

The present Mossi*b. Fos of Derby, who continuo to 

carry on the businesa of the firm, claim for their gmud- 

&tlier, ita founder, that he mado the first planiug machine 

in 1814,* and they add that the original article continued 

in use until quite recently. We have been furnished by 

Samuel Hall, formerly a workman at the MesBrs. Fox'h, 

Fith the following description of the machine : — " It wiis 

issentially tiie same in principle as the planing machine 

I now in general use, although differing in detail It had a 

Laelf-acting ratchet motion for moving tbo slides of a com- 

I pound slide rest, and a aelf-acting reyeraing tackle, con- 

l eisting of three beve! wheels, one a stud, one loose on the 

■ idriTing shaft, and another on a eocket, with a pinion on 

' * s oppoaiie end of the driving shaft running on the socket. 

B other end was tho place for the driving puUoy. A 

toh box was placed between the two opposite wheels, 

-was mode to slide on a feather, so that by means of 

•r shaft containing levers and a tumbling ball, tho 

1 reversing was carried irom one bevel wheel to the 

flite one." The same James Fox is aUo said at a very 
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early period to have invented a screw-cutting machine, 
an ea^ntie for accurately dividing and cutting the teetL 
of wticels, and a self-acting lathe, Bnt the evidence at 
lo the dates at which these several inventions are said to 
have heen made ie so conflicting that it is impossible to 
decide with whom the merit of making ihem really regis. 
The same idea is found floating at the same time in many 
minds, the like necessity pressing upon aU, and Uie pro- 
cess of invention takes place in like manner: hence ths 
conlemporaneoURnose of so many inventions, and the dis- 
putes that arise respecting them, as described in a previonB 
chapter. 

There are still other olaimants for the merit of having 
invented the planing machine ; among whom may be men- 
tioned more particulacly Matthew Murray of Leeds, and 
Eiohard Roberts of Manchester. We were informed by 
the late Mr. March, mayor of Leeds, head of the cele- 
brated tool-maaufactTiring firm of that town, that when 
he first went to work at Matthew Murray's, in J814, a 
planing machine of his invention w«a used to plane the 
circular part or bai'k of the D valve, which he had by that 
time introduced in the steam-engine. Mr. March says. 
" I recollect it very distinctly, and even the sort of fram- 
ing on which it stood. The machine ■mas not patented, 
. and like many inventions in those days, it was kept as much 
a secret as possible, being locked up in a small room by 
itself, to which the ordinary workmen could not obtain 
access. The year in which I remember it being in use 
was, BO far as I am aware, long before any planing-machine 
of a similar kind had been invented." 

Matthew Murray was bom at Stockton-on-Tees in the 
year 1763. His parents were of the working class, and 
Matthew, like the other members of the family, was brought 
np with the ordinary career of labour before him. When Ol 
due ago his father apprenticed him to the trade of a black- 
smith, in which he very snon acquired considei'able ex- 
pertnesB. He married before his term had expired ; after 
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ich, trade being slack at Stockton, he found it nccesEary 
iftjlook for work elsewhere. Leaving his wife behind him, 
■he set out for Leeds with his bundle on his back, and aft«r 
a long joTimey on foot, ho reached that town with not 

lough money left in his pocket to pay for a bed at the 
Bay Horse inn, where he put up. But telling the land- 
lord that he expected work at MarshaU'e, and seeming to 
bo a refc-peotable young man, the landlord tmstod Iiiia ; and 
he was so fortunate as to obtain the job which he Konght at 
Mr, Marshall's, wiiu was then beginning the manufacture 
of flax, for which the fiiiu haa since become so famous. 

Mr. Marshall was at that time engaged in improving the 
method of manufacture.* and the young blacksmith was so 
fiirtanate or rather ho desterous as to be able to suggest 
several improvements in the machinery which secured the 
approval of his employer, who made him a present of 20/., 
and very shortly promoted him to bo the first mechanic in 
the workshop. On this stroke of good fortune Murray 
took a house at the neighbonring village of Beeston, sent 
.to Stockton for his wife, who speedily joined him, and he 
now felt himself fairly started in iJie world. He remained 
'With Mr. Marshall for about twelve years, during which 
'he introduced numerous improvements in the machinei-y 
' Jbr spinning flax, and obtained the reputation of being a 
.ifcat-rate mechanic. This indnijcd Mr. James Fenton and 
Mr. XIavid Wood to offer to join him in the establishment 
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J«lia Eendrew, sn ingenious ulf- 
iBDght mechanic of that lovn, who 

1_ __ . mnchine Tor the purpoM, 

tar irfaich be took out a patent in 
37S7. Hr. Marshsil went over from 
tindf to H hia macliine, and agrnd 
ta jtiTB him u nxnch per spindle for 
.lb* right (0 UK it. But cPOKng to 
fny the patent right, Kendrew com- 
Menced an action sgaiaet bini for > 



. of nine bumli-ed ponnds i 
js due under iIib agicement. 
n was disputed, and Kendrc 



lost 



staffe'e Annala, Ihat evea bad he suo- 
ceeded, it woald have been of no nee ; 
for Mr. MAribnIl declared that he liai) 
not then Iho inone}- nhenwith to pnj 
him. It is possible that Malthew 
Murraj ciay have obtained some ei> 
pertencB of tla<-maoliinery in woiiinp 
for Keudmr, which afterwards proved 
of vst to him In llr. Monhall's hIo- 
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uf an engiaeeTiog and luacbino- making Ikctory at Leeds, 
which he a);;reed to, and opemtioits were commenoed at 
Uolbeot in the year 1795. 

&B Mr. Murray had obtained cousiderablo practjcsl 
loiowledge (li the bteam-engine while working at Mr. Mar- 
Rhull's, he took principal charge of the engine-building 
d6p;irtaient, while his partner Wood directed tlio maehine- 
luaking. In the branch of engine- building Mr- Murraj- 
very shortly established a high reputation, treading clone 
upon tho heels of Bonlt«)n and Watt — so close, indeed, that 
that firm became very jealous of him, and purchased a laryj 
piece of gi-ound close to Mb works with the object of pru- 
vonting their extension.' His additions to tho steam- 
engine were of great praotical value, one of which, the 
Helf-acting apparatus attached to the boiler for tho purpose 
of regulating the intensity of fire under it, and owi- 
Bequently tho production of steam, is still in general use. 
This was invented by him as earjy as 1799. He also sub- 
saqnently invented the D slide valve, or at least gi-eatly 
impi-oved it, while ho added to the power of the air-pmnp, 
arid gave a new an-angemont to the other parts, with a view 
to the simpliflcation of the powers of the engine. To make 
tho D valve work efficiently, it was found necessary to 
foiia two perfectly plane surfaces, to produce which he 
invented hia planing machine. He was also the first to 
adopt the practice of placing the piston in a horizontal 
position in the common condensing engine. Among his 
other modiflcatiDna in the steam-engine, was his improve- 
ment of the locomotive as invented by Trevifliick; and it 
onght to be remembered to his honour that he made tho 
first locomotive that regulai'ly worked upon any railway. 



* Tbs purcliUH of this largs pica 
of gi-oimd, known us Csmp I'ield, haii 
the etTtict of ^^ plu|QU1g up " MatthcT 
Miirnir for a time; uid it ireiiuliieil 
ili^u^. tvxpt far the deposit of il«aJ 
ddgi and utliet nibbifl. fui- more than \ 



hail a caitiitj. It has onlj bpen 
dosed during the present yew, i 
DOW tbrnu port of the works of Uca 
Smith, BeiL'ock, snd Tanoft, the a 
tool'mokeia. 



1 



^ CBiP, xrv. niS lIErKLITfG MACIUNE. 263 

This waa the enjpne eveoted by liim for Bleakinaop, to 
work the Middleton colliery railway near Leeds, on which 
it began to inin in 1812, and continued in regular use for 
vaany years. In this engine he introduced tho double 
cylinder — 'Trcvithick's engine being provided with only 
one cylinder, the defects of which wore eupplomented by 
the addition of a fly-wheel to carry the crank over the 
dead points. 

But Matthew Murray's most important inTontions, con- 
sidered in their effects ou manufacturing industry, were 
those connected with the machinery for heckling and 
spinning flax, which he very greatly improved. Ilia heck- 
ling machine obtained for him tho prize of the gold medal of 
the Society of Arts; and this as woll as his machine for 
wet flax-spinning by means of sponge weights proved of 
the greatest practical value. At the time when tLcNe in- 
ventions were made the flax trade was on the point of ex- 
piring, the spinners being unable to produce yam to a 
profit; and their almost immediate effect was to reduce the 
cost of production, to improve immensely tho quality of 
the manufacture, and to establish the British linen trade 
on a solid foundation. The production of flax-machinery 
became an important branch of manufacture at Leeds, lat^ 
quantitioB being mode for use at home as well as for ex- 
portation, giving employment to an increasing number of 
highly skilled mecbanics.* Mr. Murray's facidty for 
oi^anising work, perfected by experience, enabled him 
also to introduce many valuable improvements in the me- 
chanics of manuiactnring. His pre-eminent skill in mill- 
gearing become generally acknowledged, and the effects of 
bis labours are felt to this day in the extensive and still 
thriving branches of industry which bis ingenuity and 
ability mainly contributed to establish. All the maohine- 
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toob iisrul in 1)13 establishmout wcro designed by himse] 
and be was most careful in tbe personal Giiperintendei 
of all the dotaila of their oonBtructioa. Mr. Murray died 
Leeds in 1826, in his eisty-third year. 

We have not yet eihaueted the lint of claimants 
invention of the Planing Machine, for we find still another 
in the person of Eichard Roberts of Mai]ehest( 
the must prolific of modem inventors. Mr. Hoberta 
indeed achieved eo many undispnted inventiona, that 
can readily afibrd to divide the honour in this cose 
otliera. Ho has contrived things an various as the 
acting mule and the best electro- magnet, wet gaa-meten 
and dry planing machines, iron billiard- tables and turret- 
clocks, the centi-ifugal railway and tbe drill slotting- 
machine, an apparatus for making cigars and machinery 
for the propulsion and equipment of Hteamships ; so that 
ho may almost be regarded as the Admirable Crichton of 
modem mechanics. 

Kichard Roberta was bom in 1789, at Carreghova in 
tbe parish of Llanyraynech. His father was by trade a 
shoemaker, to which he occasionally added the occupation 
of toU-keepor. Tho houeo in which Eichard wai 
stood upon the border line which then divided the cc 
of Salop and Montgomery ; the front door opening 
one county, and the back door in the other, Eicht 
when a boy, received nest to no education, and 
he was of fitting age was put to common labouring work. 
I'or some time he worked in a quarry near bis father's 
dwelling ; but being of an iugenioua tiim, he occupied his 
leisure in making various articles of mechanism, partly for 
amusement and partly for profit. One of his first achieve- 
ments, while working as a quarryman, was a spini 
wheel, of which he was very pioud, for it was considei 
" a good job." Thus he gradually acquired desteril 
handling tools, and he shortly came to entertain the 
fcition of becoming a mechanic. 
I Ttero were aevei-al ironworks in the neighlwHirhi 
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and thither he went in search bf employment. He succeeded 
in finding work as a pattom -maker at Bradley, noav BilBton. 
nnder John Wilkinson, the famous ironmaster — a man ot 
(freat enterprise as well as mechanical skill ; for he was the 
I first man, as already stated, that Watt could find capable oi 
■ boring a cylinder with any approach to truth, for the par- 
Bposes of hie steam-en ginos. After acquiring some practical 
1 knowledge of the art of working in wood aa well as iiTjn, 
Eobertfl proceeded to Birmingham, where he passed through 
different shops, gaining further experience in mechanical 
practice. He tried his hand at many kinds of work, and 
acquired considerable dexterity in each. He was regarded as 
ft soii of jack-of-all-tradea; for ha was a good turner, a toler- 
able wheel-wright, and could repair mill-work at a pinch. 

He next moved northward to the Horsley ironworks, 
Tipton, where he was working as a pattern-maker when 
he had the misfortune to be drawn in his own county for 
the militia. Ife immediately left his work and made his 
way homeward to Llanymyneoh, detennined not to bo 
a soldier or even a militiaman. But hotne was not the 
place for him to rest in, and after bidding a hasty adieu lo 
his father, he crossed the country northward on foot and 
reached Liverpool, in the hope of finding work there. 
Failing in that, he set out for Manchester and reached it at 
dusk, very weary and very miry in consequence of the 
road being in such a wretched state of mud and nits. He 
relates that, not knowing a person in the town, ho went up 
to an apple-stall ostensibly to buy a pennyworth of apples, 
but really to ask the stall-keeper if he knew of any person 
in want of a hand. Was there any turner in the neigh- 
bourhood ? Yes, roTuid the corner. Thither he went at 
onoe, found the woodturner in, and was promised a job 
on the following morning. He remained with the turner 
for only a short time, after which he found a job in Salford 
at lathe and toot-making. But hearing that the militia 
^ Warrant-officers were still searching for him, he became 
ly and del«nnined to take refuge in Ijondon. 
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Ue trudged all the way on foot to that great Lidlng- 
ptaoe, and fir^ tried HoltEapfTel'ii, the funcnu tool-maker's, 
but Jailing in hia application he next went to Maudslay'a 
nail encceeded in getting emplojinent. He worked thcro 
fur some time, acquiring miic)i valuable practical knciw- 
ledge in the ose of tools, cnltivating his skill by contact 
with firGt-clasB wortmen, and benefiting by the spirit of 
active oontriTance whieli pcrraded the Maudslay fihope. 
His manual dexterity greatly increased, and bia inventive 
ingennity fully stimulated, he determined on maHng hia 
way back to MancheGter, which, even more than iLondon 
itself, at that time presented abundant openings for men 
of mechanical skill. Hence we find eo many of the best 
mechanica trained at Maodslay'a and Clement's — NaEmytfa, 
Lewis, Muir, Roberta, TVTiitworth, and others ^shortlj 
rising into distinction there ss leading mechanicians and 
tool-makers. 

The mere enumeration of the various results of Mr. 
Roberts's inventive skill during the period of his settle- 
ment at Manchester as a mechanical en^necr. would 
occupy more space than we can well spare. But we may 
briefly mention a few of the more important. In 1816, 
while canying on bnsine^ on his own account ia Deans- 
gate, ho invented his improved sector for correctly sizing 
wheels in blank previously to their being cut, which ia 
still extensively used. In the same year he invented liia 
improved screw-lathe ; and ia the following year, at the 
request of the boroughreeve and constables of Man- 
cliester, be contrived an oscillating and rotating wet 
gas meter of a new kind, which enabled thorn to sell 
i^ns by measure. This "was the first meter in which a 
water lute was applied to prevent the escape of gas by tbe 
index shaft, the want of which, as well as its great com- 
plexity, had prevented tlio only other gas meter then in 
existence from working satiBlactorily. The water lute was 
lmmt<diatety adopted by the patentee of that meter. Tfaa 
planing machine, though claimed, as we havo eeen, hy 
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inventoi-a, was constnictod by Mr. Itubeils ulter an 
original plan of his own in 1817, and became the tool most 
generally empIoyeJ in mechanical workshopB — acting by 
meaJiB of a chain and rack — though it has kiucd been hhj^h'i*- 
seded to some extent by the planing-machina of Whitwoith, 
which works both ways upon an endless acrew. Improve- 
ments followed in the sUde-latbe (giving a large range of 
speed with increased diameters for the p 
Btocks, &c.}, in the wheel-cutting engii 
beam (by which, with a load of 2 oz. 
fifteen-hundredth part of a grain could be indicated), iu 
^le broaching-machiue, the slotting-machine, and other 
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But the invoutioua by which his fame boeamo moet 
extenBively known arose out of circumstances connoctetl 
with the cotton manufactures of Manchester and the ueigh- 
honrhood. The great improvements which he introduced 
in the machine fur making weavers' reede, led to the fur- 
matioii of the firm of Shaip, Eoborts, and Co., of which 
Mr. Koberts was the acting mechanical partner for many 
years. Not less important were his improvements in 
pow^r-looma for weaving fustians, which were extensively 
adopted. But by far the most famous of his inventions 
was unquestionably bia Belf-acting Mule, one of the moat 
elaborate and beautiful pieces of machinery ever contrived. 
Before its invention, the working of the entire machinery 
of the cotton-mill, as well as the employment of the piecers, 
cleaners, and other classes of operatives, depended upon 
iho spinners, who, though receiving the highest mtes of 
pay, were by much the most given to strikes ; and they 
wore frequently accustomed to turn out in times when 
trade was brisk, thereby bringing the whole operations of 
the manuJacfories to a standstill, and throwing all the 
other operatives out of employment. A long-continued 
strike of this sort took place in 1824, when the idea occurred 
to the masters that it might be possible to make the spin- 
niiig-mnleR run out and in at the proper speed by mcacs of 
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self-acting maohinery, and tlniii rt-ndor them in eome mea- 
Buro independent of the more rofractory class of their work- 
men. It seemed, howovoi*, to be so very difficult a problem. 
that they were by no means eangiiino of success in ita 
Bolution. Some time passed before they could find any 
mechanic ".villing so much as to consider the subject, 
Mr, Ashton of Staley-bridge made eTery effort with this 
object, but the answer he got was uniformly the same. 
The thing was declared to be impracticable and impossible. 
Mr. Afihton, accompanied by two other leading spinners, 
oalled on Shaip, Koberta, and Co., to seek an interview 
with Mr. Eoberta. They introduced the subject to him, 
but he would scarcely listen, to their esLplanationa, cutting 
them short with the remark that he knew nothing what- 
ever about oottou-spinning, Tlioy insisted, nevertheless, 
on. explaining to him what they required, but tbey went 
away without beii^ able to obtain from him any promise 
of assistance in bringing out the letiTiiTed machine. 

The sti-ike continued, and the manufactarers again called 
upon Mr. Hoberts, but with no better result. A third time 
they called and appealed to Mr. Sharp, the capitalist of the 
firm, who promised to use hia best endeavours to induce 
his mechanical partuer to take the matter in baud. But 
Mr. Roberta, notwithstanding his reticence, had been 
occupied in carefully pondering the subject since Mr. 
Ashton's first interview ivith him. The very difBculty of 
the problem to bo solved had tempted him boldly to 
grapple with it, though he would not hold out the slightest 
expectation to the cotton-apinners of his being able to help 
them in their emergency until he saw hia way perfectly 
clear. That time had now come ; and when Mr. Shai-p 
introduced the subject, he said he had tui-ncd the matter 
over and thought ho could construct the required self- 
acting machinery. Itwas arranged that he should proceed 
with it at once, and after a close study of four months he 
brought out Ihe maohine now so extensively known aa 
golf-acting mule. The invention was patented in 1826, 
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waa perfected by BnbseqHent additions, whicb were also 
patented. 

Like BO many other inventionB, the idea of the self- 
acting mule waa not new. Tlnia Mr. William Stnitt of 
Derby, the father of Lord Relper, invented a machine of 
this Bort at an early period; Mr. William Kolly, of Iha 
New Lanark Mills, invented a second ; and various otbcr 
projectors tried their skill in the same direction; but none 
of these inventionB oame into practical nse. In euoh cases 
it has become generally admitted that the real inventor 
is not the person who suggests the idea of tho invention, 
but he who first works it out into a praotdcable process, 
and HO makes it of pi-acticul and commercial value. This 
■was accomplished by Mr. Koherta, who, working out the 
idea after hia own independent methods, succeeded in mak- 
ing the first self-acting mule that would really act as such ; 
and he ia therefore fairly entitled to be regarded as its 
inveintor. 

By means of this beautiful contrivance, apindle-carriagea, 
bearing hundreds of spindles, nrn themselves out and in by 
means of automatic machinery, at tho proper speed, without 
a hand touching them; the only labour required beinj^ that 
■of a few boys and girls to watch them and mend the broken 
threads when the carriage recedes from the roller beam, 
laid to stop it when the cop is completely formed, »s is 
indicated by the bell of the counter attached to the work- 
ing gear. Mr. Eaines describes tho self-acting miile while 
at work as " drawing out, twisting, and winding up many 
■thonBand threads, with nnfailing precision and indefalig- 
able patience and slrength— a scene as magical to tlie eye 
which ia not familiarized with it, as the effects have been 
marvellous in augmenting the wealth and population of 
file country." ■ 

Mr, Robei-ts's great success with the self-noting mule led 
\o his being often appealed to for help in the mechanics 

Winn Bii.VES, Esq.. Jl.r., Uislori/ of the CoUon .l/niiu/aalurf. 21! 
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(if ii-Kuifiiotiiring, Ja 1820, tho year after his patont was 
tulcen out, bo was Bont for to Mulhonfie, in Alsapo, to deaigfl 
uiid arrange the machine establishment of Andn! Koechlin 
and Co. ; and in that and the two subsequent years he &iily 
set the ■works n-going, instructing the workmen in ths 
manuiiiotnre of spinning-machinery, and thus contribntii^ 
lai'gely to the succesa of the French cotton manu&ctare. 
In 1832 he patented hJH invention of the Radial Arm for 
"winding on" in the self acting mule, now in general use ; 
and in future years he took out sundry patents for roviag, 
alubbing, spinning, and doubling cotton and other flbrona 
materials ; and for -weaving, beetling, and mangling fabrios 
of various sorts. 

A considerable branch of business carried on by the firm 
of Sharp, Eoberta, and Co. was tho manufacture of iron 
billiard-tahlea, which were constructed with almost perfect 
tnith by means of Mr. Hoberts's planing-machine, and 
became a large article of export. But a much mora im- 
portant and remunerative department waa the manufaotnre 
of locomotives , which was begun by the finn shortly after 
tho opening of the Liverpool and Manchester Eailway had 
marked this as one of the chief branches of future mecha- 
nioal engineering. Mr. Buberts adroitly seized the oppor- 
tunity presented by this nevr field of invention and 
ontfirprise, and devoted himself for a time to the careful 
study of the locomotive and its powers. Aa early aa the 
year 1829 we find him presenting to the Manchester Me- 
chanics' Institute a machine exhibiting the nature of fric- 
tion upon railroads, in solution of the problem then under 
diflCTission in the ecientifio journals. In the following year 
ho patented an arrangement for communicating power to 
both driving-wheels of the locomotive, at all times in the 
exact proportions required when turning to the right or 

left, an arrangement which has sinoe been adopted in 

many road locotnotivee and agricultural engines. In the 
eamo patent will be found embodied his inven«on of the 
Bteani-brake, wliioh waa also a favoimta idea of G»i>rg« 
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Stephenson, ginoe elaborated by Mr. MacCoiinell of tlie 
)ndorL and North-Westem Eailway, In 1834, Sharp, 
)berts, and Co. began tho manufacture of locomotives on 
large scale ; and the compactnees of their engines, the 
tescellenco of their workmanship, and the numerous original 
LUnprOTements introduced in them, speedily secured for thd 
of the At]as firm a high reputation and a very 
lai^ demand. Among Mr. Boberta'a improvements may be 
mentioned his method of manufacturing the crank axle, 
of welding the rim and tyres of the wheels, and his 
arrangement and form of the wrought-iron framiDg and 
axie-guarda. Hia system of templets and gauges, by meatjH 
of which every part of an engine or tender corresponded 
with that of evory other engine or tender of the same 
class, was as great an improvement as Maudslay's system 
of nniformity of porta in other desoriptions of machinery. 

In connection with the subject of railways, we may 
allude in passing to Mr. Eoberta's invention of the Jacqnard 
piincliing machine — a aelf-aoting tool of great power, used 
for punching any required number of holes, <if any pitch 
and to any pattern, with mathematical accuracy, in bridge 
or boiler plates. The origin of this invention waa some- 
what similar to that of the self-acting mule. The con- 
tractors for the Conway Tubular Bridge whilo under 
constrnction, in 1848, were greatly hampered by combina- 
tions amongst the workmen, and they despaired of being 
able to finish the girders within tho time specified in the 
contract. Tho punching of tho iron plates by hand was a 
tedious and expensive as well Eta an inaccurate process ; 
Bud the work was proceeding so slowly that the contractors 
found it absolutely neceasary to adopt some new method of 
punching if they were to finish the work in time. In their 
emergency they appealed in Mr. Eoberts, and endeavoured 
to persuade him to take the matter up. He at length 
flonsented to do so, and evolved the machine in question 
during hia ovoning's leisure — for the most part while 
qtiietly sipping hia ten. The machine was produced, tho 



niCHAED ROBEHTS OP HASCHESTEE. CaiP. XIV. 

oontraotorB were enabled to proceed with the punolung of 
the plates independent of the refractory men, and the work 
was executed with a despatch, accuracy, and excellence 
that would not otherwise have been possible. Only a few 
3'eara since Mr. Bobeits added a useful coiupanion lo tlie 
Jacquard punching machine, in. his combined self-acting 
machine for shearing iron and punching both weba of 
angle or T ii'O'i simultaneously to any required pitch ; 
though this machiue, like others which have proceeded 
from his fertile bjuin, is ahead even of this fast-manufac- 
turing age, and has not yet come into general use, but in 
certain to do so before many years have elapsed. 

These inventions were sui-ely enough for one man to have 
accomplished ; but we have not yet done. The mere enu- 
meration of hia other inventions would occupy several 
pagea. Wo shall merely allude to a few of them. One 
was hie Turret Clock, for which he obtained the medal 
at the Great Exhibition of 1861, Another was his Prize 
Eleotro-Magnet of 18i5. When this subject was fiist men- 
tioned to him, be said he did not know anything of the 
theow or practice of clectro-magnetiam, but he would try 
and find out. 'ITie result of his trying was that he won the 
prize for the most powerful electro-magnet : one is placed 
in the museum at Feel Park, Manchester, and another 
with the Scottish Society of Arta, Edinburgh. In 184(1 he 
perfected an American invention for making cigars by 
machinery ; enabling a boy, working one of his cigar- 
enginea, to ntake as many as 5000 in a day. In 1862 he 
patented improvements in the construction, propelling, and 
equipment of steamships, which have, we believe, been 
adopted to a certain extent by the Admiralty ; and a few 

I years later, in 1855, we find him presenting the Secretary 
f War with plans of elongated ride projectiles to be used 
J smooth-bore ordnance with a view to utilize the old- 

tfwttem gun. Ilis head, like many inventors of the time, 
being fiill of the mechanics of war, he went so far as to 
wait upiin Louis Nitpoleon, and laid before him a plan hy 




INTifflTiOSS OP WHITWOKTH. 



273 



wliich Sebaiitopol was to be blown down. In bhurt, ■apau 
whatever Gubjeot he turned his mind, he left the impreGo 
of his inventive faculty. If it was imperfect, he improved 
it; if incapable of improvement, and impracti cable, ho in- 
vented something entirely new, snperetiding it altogether. 
B>it with all his inventive genias, iu the esovoise of which 
Mr. Boberts has so largely added to the productive power 
of the country, we regiet to eoy that he is not gifted with 
the commercial faculty, lie has helped othei'B in their 
difScultiee, but forgotten himself. Many have profited by 
his inventions, without even acknowledging the obliga- 
tions which they owed to him. They have uaed his brains 
and copied his toola, and the " eucked orange " is all but 
forgotten. There may have been a want of worldly wisdom 
on his part, but it is lamentable to think that one of the 
most prolific and useful inventors of his time should in hie 
old aga be left to fight with poverty. 

Mr. Whitworth is auothov of t!ie first-dasa tool-maters 
of Manchester who has tui-ned to excellent account his 
tmining in the workshops of Maudslay and Clement. He 
luiB carried fully out the system of uniformity iu Screw 
Threads which they initiated ; and ho haa still further 
improved the mechanism of the planing machine, enabling 
it to work both backwards and forwards by means of a 
Borew Euid roller motion. His " Jim Crow Machine," so 
called &om its peculiar motion in reversing itself and 
■working both ways, is an extremely beautiful tool, adapted 
alike for horizontal, vertica!, or nngular motions. ' The 
minute accuracy of Mr. Whitworth's machines is not the 
IctuBt of their merits ; and nothing will satisfy him short lit 
perfect truth. At the meeting of the Institute of Mecha- 
sioal Engineers at Glasgow in 1856 he read a paper on the 
essential importance of possessing a tnie plane as a standard 
of reference in mechanical const ructions, and he described 
slaborately the true method of securing it, — namely, by 
■Draping, instead of by the ordinary process of grinding. 
At the snme meeting ho extiibitod a machine of his 
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tion hy whioli he etatod that a difieresce of (lie mSliantk patt' ' 
(if an inch in lettgtli co<d.d at once be deteotad. He also 
there urged liis favourite idea of uniformity, and proper 
^adations of eize of parts, in all the various branches of the 
ineohanical arts, as a chief means towards economy of pro- 
duction — a principle, as he showed, capable of vety es- 
tpnsivo application. To show the progress of tools and 
iniichinery in his own titao, Mr. Whitwortli cited the fact 
that thirty years since the cost of labour for making a sur- 
Gice of coat-iron true— -on.o of tho most important operationa 
in mechanics — by chipping and filing by the hand, was 
12,'(. a square foot; whereas it is now done by the planing 
macbina at a cost for laboui of Icbb than a penny. Then 
in machinery, pieoea of 74 reed printing-cotton cloth of 
29 yards each could not be produced at less cost than SOs. &d. 
per piece; whereas the same desoription is now sold for 
as. 9(f. Ml-. Whitwortb baa been among the most effective 
workers ia this field of improvement, his tools taking the 
first place in point of speed, accuracy, and finish of wort, 
in which respects they challenge competition with tho 
world. Mr, Whitwortb has of late yeara been applying 
himself with hia Bccnstomed ardour to the development 
of the powers of rifled guna and projectiles, — a branch of 
mechanical science in which ho confessedly holds a forentost 
place, and in perfectin;^ which he is still ocflnpied. 
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The founder of the Scot-ch family of Naeamyth is said to 
have derived his name from the following circumstance. 
In the coarse of the fouds which raged for aoino time 
between the Scotch kings and thoir pow9rful anbjeefa the 
Saris of Douglas, a rencontre took place one day on the 
ontsSdrts of a Border Tillage, when the king's adherents 
ware worsted. One of them took refuge in the villago 
Bmithy. where, hastily disguising himself, and donning n 
Bpare loathem apion, he pretended to ho engaged in aflsist- 
ing the smith with hia work, when a party of the Dyuglaa 
followers rushed in. They glanced at the protended work- 
at tho anvil, and ohserved him deliver a hlow upon 
unskilthlly that tho hammer-shaft hroko in his hand. 
On this one of the Donglis men rushed at him, calling 
put, "To'ro nae smyth!" The assailed man seized his 
Bword, which lay conveniently at hand, and defended him- 
self Bo vigoronaiy that ho shortly killed hia assailant, whilo 
'llio smith brained another with his hammer ; and, a party 
of the king's men having oomo to their help, the rest ftoro 
speedily overpowered. The royal forces then rallied, and 
temporary defeat was converted into a victory, Tho 
king beetowedagrant of land on his follower "Nae Smyth," 
for his arxw- a aword between two hammers 
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with broken ehafte, and the motto " Non arte sed Marts," 
■s if to disclaim, the art of the Smith, in whiah he had 
failed, and to emphasize the superioriij of the warrior. 
Such is said to be the ti-aditional origin of Uie family ot 
Naesmvth of Pobbo in Peeblesshire, who continue to bear 
the same name and arms. 

It is remarkable that the inventor of the steam-hammer 
should have so effectually oontradicted the name he bears 
and reversed the motto of his family ; for so far from 
being " Nae Smyth," he may not inappmpriately be desig- 
nated the veiy Vulcan of tlio nineteenth century. His 
hammer is a tool of immense power and pliancy, but for 
which we must have stopped short in many of those gigantic 
engineering works which aro among the marvels of the 
^6 we live in. It possesses so much preciaion and deli- 
cacy that it will chip tho end of an egg resting in a glass 
on the anvil without breaking it, while it delivei^ a blow 
of ten tons with Kuch a force aa to be felt shaking the 
parish. It is therefore with a high degree of appropriate- 
ness that Mr. Nasmyth has discarded tho feckless hammer 
with the broken shaft, and assumed for his emblem his own 
magnificent steam-hammer, at the same time reversing the 
family motto, which he has converted into " Non Marte 
Bed Arte." 

James Nasmj-th belongs to a family whose geaiug in art 
has long been recognised. Hia father, Alexander Naamyth 
of Edinburgh, was a landscape-painter of great eminence, 
whose works are sometimes confounded with those of bis son 
Patrick, called the English Hobbema, though his owii 
merits are peculiar and distinctive. The elder NasmytU 
was also an admirable portrait painter, as his head of 
Bums — the best ever painted of the poet — bears ample 
witness. His daughters, the Misses Kasmyth, were highly 
skilled painters of landscape, and their works are well 
known and miich prized. James, the youngest of the 
family, inherits tho same love of art, though hia name it 
more extensively known as a worker and inventor i: 
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j He w&B bom at Edinbni^h, on the lOth of AugUGt, 1808 t 
\ and his attention was early directed U> meobanics by tbo 
I oircumstance of this being ono of his fiither's liobbiee, 
I Besides being an excellent painter, Mr. Nasmytb bad a 
good general knowledge of architecture and civil engineer- 
ing, and could work at the lathe and handle taols with the 
dexterity of a mechanic. He employed nearly the whole 
of bis spare time in a little workshop which adjoined bis 
studio, where he encouraged his joungest son to work witb 
him in all sorts of materials. Among bis visitors at the 
studio were I'rofessor Leslie, Patrick Miller of Dalswinton, 
and other men of distinction. He assisted Mr. Miller in 
his early eiperimente with paddle-boats, which eventually 
led to the invention of the steamboat. It was a great 
advantage for the boy to be trained by a father who so 
loved excellence in jl its forms, and could minister to 
his love of mechanics by his own instruction and practice. 
James used to diink in with pleaKuro and profit the con- 
Tersation which passed between his father and his visiton 
on scientific and mechanical subjects ; and as he became 
older, the resolve grew stronger in him every day that he 
vnmld be a meohanical engineer, and nothing else. At a 
proper age, he was sent to the High School, then ae now 
celebrated for the excellence of its instruction, and there 
he laid the fi.mndations of a sound and liberal education. 
But he has himself told the simple story of his early life 
in sucli graphic terms that we feel we cannot do better 
than quote his own words ; — * 

"I had the good luck," he says, " to have for a school 
companion the son of an iron fonndor. Every spare hoar 
that 1 could command was devoted to visits to hia father's 
iron foundry, where I delighted to watch the variotifl pro* 
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cesBOfl of moulding, iron-melting, casting, forging, pattern- 
making, and other smith and metal work ; and although I 
wft8 only abont twelve years old at the time, I naed to lead 
a, hand, in which hearty zeal did a good deal to make «p 
for want of strength. I look back to the Saturday after 
noonB spent in the workahopa of that small fonndrv, as 
an important part of my education. I did not trust to 
reading abont such and anoli things ; I saw and handled 
them ; and all the ideas in connection with them Became 
permanent in my mind. 1 also obtained there— what was 
of much value to me in after life — a considerable acquaint- 
ance with the nature and characters of workmen. By the 
time I was fifteen, 1 oould work and torn out really re- 
spectable jobs in wood, brass, iron, and steel : indeed, in 
the working of the latter inestimable material, I had at a 
very early a^ (eleven or twelve) acijuired oonsiderabla 
proficiency. As that was the pre-lucifer match period, the 
possession of a steel and tinder box was quite a patent of 
nobility among boys, 9o I nsod to foi^e old files into 
' steels ' in my father's little workshop, and harden them 
and produce such first-rale, neat little articles in that line, 
that I became quite famous amongst my school coin- 
panions ; and many a task have I had excused me by 
bribing the monitor, whose grim sense of duty never could 
withstand the glimpse of a steel. 

" My first essay at making a steam engine was when I was 
fifteen. I then made a real working steam-engine, H 
diameter cylinder, and 8 in. stroke, which not only conld 
act, bnt really did some useful wort ; for I made it grind 
the oil colours which my father required for his painting. 
Steam engine models, now so common, were exceedingly 
scarce in those days, and very difficult to be had ; and as 
the demand for them arose, I found it both delightful and 
profitable to make them ; as well as sectional models of 
eteam engines, which I introduced for the purpose of ex- 
hibiting the moTomente of all the parts, both exterior ml 
Interior. With the resnUs of the sale of mioh modeli 1 
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was enabled to pay the price of ticfeete of adinisBion to the 
loctnrtiB on natural philoHophy and chemistry delivered in 
the University of Edinburgh. About the same time (182ti> 
I was so happy aa to be employed by Professor Loelie in 
making models and portions of apparatus required by hliu 
for his lectures and philosophical iuvestigations, and I had 
also the inestimable good fortune to secure his friendship. 
TTJH admirably clear manner of communicating a knowledge 
of the fundamental principles of mechanical science ren- 
dered my intercourse with him of the utmost importancu 
to myself. A hearty, cheerful, earnest desire to toil in his 
service, caused him to take pleasure in instructing me by 
oocasional explanations of what might otherwise have 
lenudned obscure. 

"About the years 1827 and 1828, the subject of steam- 
oarriages for common roads occupied much of the attention 
of the public. Many tried to solve the problem. I made 
a working model of aa engine which performed so well 
that some friends determined to give mo the meims ol 
making one on a larger scale. This I did ; and I shall 
never forget the pleasure and the downright haiii work I 
liad in producing, in the autunui of 1828, at an outlay ot 
601., a complete steam -candage, that ran many a mile with 
eight persons on it. Aftfir keeping it in action two months, 
to the satisfaction of all who were interested in it, my 
friends allowed mo to dispose of it, and I sold it a grcu^t 
'bargain, after which the engine was used in driving a small 
iaetory. I may mention that in that engine I employed 
the waste steam to cause an increased draught by its dis- 
charge up the chimney. This important use of the waste 
steam had been introduced by Geoige Stephenson somo 
years before, though entirely unknown te me. 

" The earnest desire which I cherished of getting for- 
ward in the real business of life induced me to turn my 
attention to obtaining employment in some of the great 
engineering establishments of the day, at the head of which, 
m my fancy na well as in reality, stood that of HMiiy 
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Blandfiliiy, of London. It was the summit of my arabil 
to get wurk in that establishment ; but as my father had 
not the metns of paying a prerainm, I determined to try 
what I could do towards attaining my object by Hubmitting 
to Mr. Maiidslay actual specimens of my capability as 
young workman anil draughtsman. To this end I set 
work and mado a small steam-engine, every part of wl 
was the result of my own handiwork, including tho casl 
and the forging of the seyeral parta. This I turned out 
such a style as I should ovon now be proud of. My sample 
drawings were, I may say, highly respectable. Armed 
with such meauB of obtaining the good opinion of the great 
Ifonry Maudslay, on the 19th of May, 1829, I sailed for 
Loudon in a Leith smack, and after an eight days' voyage 
saw the metropolis for the first time. I made bold to call on 
Mr. Maudsiay, and told him my simple tale. He desired 
me to bring my models for him to look at. I did so, and 
when he came to mo I could see by the esprossion of his 
cheerful, well-iemembered countenance, that I had attained 
my object. He then and there appointed me to be his own 
private woikman, to assist him in his little paradise of a 
workshop, furnished with the models of improved machin- 
ery and engineering tools of which he has been the great 
originator. He left me to arrange as to wages with his 
chief caahior, Mr. Eobert Young, and on the first Satnrdaj 
evening I nccordingly went to the counting-house to 
qnire of him about my pay. He asked me what 
tiitiafy me. Knowing the value of the situation I had 
tained, and having a very modest notion of my woi-thini 
to occupy it, 1 said, that if he would not consider 10s. a 
week too much, I thought I could do very well with that. 
I suppose he concluded that I had some means cf my own 
to live on besides the 10s. a week which I askod. He littJe 
knew that I had determined not to cost my father another 
forthing when I left homo to begin the world on my cwa 
account. My proposal was at once acceded to. And 
do I remember the pride and delight 1 felt when I oarried 
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toy three sHuUngs a week lodging that night my first wages. 
Ample they wero in my idea ; for I knew how Jittle I 
could live on, and was pcTHUaded that hy atnot economy T 
eould easily contrive to make (he money support me. To 
help me in this object, I contrived a email cooking appa- 
ratus, which I forthwith got made hy a tinsmith in Lam- 
beth, at a cost of 6s., and by its aid I managed to keep the 
eating and drinking part of my private account within 
Ss. 6rf. per week, or 4«. at the outside, I had three moaf 
dinners a week, and generally four rice and milk dinners, 
ftU of which were cooked by my littlo apparatus, whjcli I 
Kt in action after breakfast. The oil cost not quite a half- 
penny per day. The meat dinners consisted of a stew of 
&om a half to three quarters of a lb. of leg of beef, the meat 
costing 3id. per lb., which, with sliced potatoes and a little 
onion, and as much water as just covered all, with a 
sprinkle of salt and black pepper, by the time I Tetnmed 
to dinner at half-past six furnished a repast in oveiy re- 
spect as good as my appetite. Tor breakfast I had coffee 
ftnd a due proportion of quartern loaf. Ailier the first year 
of my employment under Mr. Maudslay, my iv^es were 
raised to 15s. ti week, and I then, but not till then, in- 
dulged in the luxury of butter to my bread. I om the 
more particular in all this, to show you that I was a thriftj- 
houBekeeper, although only a lodger in a 3s, room. I have 
the old apparalua hy me yet, and I shall have another 
dinner out of it ere 1 am a year older, out of regard to 
days that were full of the real romance of life. 

" On the death of Henry Maudslay in 183], I passed over 
to the service of his worthy partner, Mr. Joshua Field, and 
acted as his draughtsman, much to my advantage, until the 
end of that year, when I returned to Edinburgh, lo con- 
Btract a small stock of engineering tools for the purpose of 
enabling me to start in business on my own account, Tliis 
oocupied me until the spring of 1833, and during the inter- 
nal I was aoomrtomed to take in jtA>s to ejceoute in my little 
'Workshop in Edinburgh, so as to obtain the means of 
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oomplotiug my stock of tools.* In Jime, 1834:, I went to 
Manchester, and tuok a flat of an old mill in Dalo Street, 
where I began fansineHe. In two jeara my stock had so 
incroased as to overload the floor of the old bollding to 
Buch an extent that the landlord, Mr, Wrenn, 'became 
alarmed, especially oa tho tenant below me — a glass-ontter 
— bad a visit from the end of a 20-hor86 engine beam one 
morning among Ka out tumblers. To set their anxiety at 
rest, I went out that evening to Patricroft and took a look 
■t a rather choice bit of land bounded on one side by tlie 
canal, and on tho other by the Liverpool and Manchester 
liailway. By the end of the week I bad secured a lease 
of the site for 999 years ; hy the end of the month my 
wood filieda were erected ; the ring of the hammer on the 
smith's anvil was soon heard all over the place ; and the 
Bridgewater Foundry was fairly under way. There I toiled 
right heartily until December 31st, 1856, when 1 retired 
to enjoy in active leiaure the reward of a laborious life, 
during which, with the bleasing of God, I enjoyed much 
true happiness through the hearty love which I always had 
for my profession ; and I trust I may be allowed to say, 
without undue vanity, that I have left behind mo some 
usefal results of my labours in those inventions with which 
my name is identified, wbioh have had no small share in 
the accomplishment of some of tho greatest mechanical 
works of onr age." 

If Hr. Nasmyth had accomplished nothing more than 
tho invention of his steam-hammer, it would have been 
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HAHMEH-WORK. 



Gnongh to found a reputation. Professor Tomlinaon de> 
scribeB it as " ooo of the moat perfect of artllicial machines 
and nobleet triomphfl of mind over matter that modern 
English engineers have yet developed."* ITio hand- 
huumer has always been an important tool, and, in the 
form of the stone oelt, it was perhaps the first invented. 
When the hammer of iron superseded that of stone, it was 
found practicable in the hands of a " cunning " workman 
to exeonta by its means metal work of great bcauly and 
even delicacy. But since the invention of cast-iron, and the 
mannfacture of wronght-iron in large masses, the art of 
kammer-'working has almost become lost; and great artists, 
snohas Matsysof Antwerp and Eukers of Nuremberg were,! 
no longer think it worth their while to erpend time and 
skill in working on bo humble a material as wronght-iron. 
7t is evident from the marks of care and elaborate design 
which many of these early works exhibit, that the work- 
man's heart was in his work, and that his object was not 
merely to get it out of hand, but to execute it in first-rate 
KrtiBtic style. 

When the use of iron extended and lai^r ironwork came 
to be forged, for caiinon, tools, and machinery, the ordinary 
liand-hammer was found insufficient, and the helve or foi^- 
hammer was invented. This was nsually driven by a water- 
wheel, or by oxen or horses. The tUt-hainmer was another 
fcrm in which it was used, the smaller kind.s being worked 
by the foot. Among Watt's various inventions, was a tilt- 
hammer of oonsiderabia power, which he at first worked 
by means of a. water-wheel, and afterwards by a steam- 
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cDgiuu regulated by a flj-wheel. His first hammer of this 
kind WHS 120 lbs. in wuigbt; it was mified eight inches 
before making each blow. Watt afterwards made a tilt- 
hammer for Mr. Wilkinson of Bradley Forge, of "i cwi., 
and it made 300 blows a minute. Other improvements 
were made in the hammer from time to time, but no ma- 
teiiul alteration was maile in the power by which it was 
worked until Mr, Nasrayihtookitin hand, and applying to 
it the direct force of steam, provided the worker in iron 
with the most formidable of machiua-fools. This im« 
jiortant invention originated as follows ; — 

In the early part of 1837, the directors of the Great 
Western Sttam-Ship Company sent Mr. Francis Humphries, 
tbeir engineer, to consult Mr. Nasmyth as to some engineer- 
ing look of unneual size and power, which were required for 
the canstniotion of the engines of the "Great Britain " steam- 
sliip. They had determined to construct those engines on 
(he Torticai trunk-engine principle, in accordance with Mr, 
Humphries' desgns; and very complete works were erected 
by ihcm at their Bristol dockyard for the execution of the 
ivqni&ilO loachineiy, the most important of the tools being 
snpplied by Nasmyth and Gaskell. The engines were in 
luud. when a difficnl^ arose with respect to the enormous 
pMddl«-eb«{t of the Tossel, which was of such a size of 
FaTging » had neTer before been executed. Mr. Hum- 
phriw iqpplied to the lar^st engineering firms throughout 
tho oooati^- for tenders of the price at which they would 
vxvuuttt this part of the work, but to his surprise and 
diffiwj ho fi'Und that not one of the firms he applied to 
^vvlttld uti<h'rt»ko so large a fot^ng. In this dilemma he 
WTVttt to Ur. Nasmyth on the 24th November, 1638, infonn- 
ity hiiu vtf this tmloc^ed-for diSculty. " I find," said he, 
'' tWr^ Vi not ft roi{^haminer in England or Scotland 
vt>wtu'(ut enoofih to forge the paddle-shaft of the engines 
&I th»>Un«>t Britain !' Whatamltodo? Do yon think _ 
I wuiht litw* h> M* cMt-iion ? " 

ItiU Vj.tvr imuodiatcly set Ur. Xasmyth i 
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S^ow wtia it that existing hammers were iticapa\jla of 
forging a. wrought-iron shaft of thirty inches diametir? 
Biraply because of tlioir ^ant of compufis, or range and fall, 
as well aa power of blow. A few moments' rapid thought 
satisfied him that it was by rigidly adliering to the old 
iraditional form of hand-hammer — of which the tilt, tJiqugh 

;n by steam, was but a modification — that the difficulty 
liad arisen. When even the largest hammer was tilted np 
to its fall height, its range was so Gmall, that when a piece 
of work of considerable size was placed on llio anvil, the 

mer became "gagged," and, on such aii occasion, where 
Uie foiling required the most powerful blow, it received 
next to no blow at all, — the clear space for fall being almost 
jntirely occupied by the work on the anvit. 

The obviouB remedy was to invent some method, by 
■which a block of iron should be lifted to a sufficient height 
«bovB the object on which it was desired to strike a blow, 
■md let the block fall down upon the work, — guiding it in 
its descent b)' such simple means aa should give the re- 
^tured precision in the perouseive action of the falling 

I. Following out this idea, Mr. Nasmylh at once 
sketched on paper his steam-hammer, having it clearly 
Jjefore liJm in hia mind's eye a few minutes after receiv- 
ing Mr. Humphries' letter narrating his nnlooked-for 
(UfBcolty. The hammer, as thua sketched, cousiyted of, 

an uivil on which to rest the woik ; second, a block 

ron constituting the hammer or blow-giving part ; 
|hird, an inverted stenm-cylinder to whose piRton-rod the 
Idook was attached. AU that wan then required to produce 
l)y snch means a most eifective hammer, was simply to 
Admit steam in the cylinder so as to act on the under side 
if the piston, and so raise the block attached to the piston- 
od, andhy a simple contrivance to let the steam escape and 

Ki permit the block rapidly to descend by its own gravity 
^^ pon the work then on the anvil. Such, in a few words, 
K the rationale of the stdam-hamnier. 
By tiie same day's post, Mr Nasmyth wrote to Mr 
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Hiunpliries, incloBing a akolch of the mvention iy which 
he proposed to forgo thfl " Great Britain " paddle -Bhaft 
Mr. Hympbriee showed it to Mr. Brunol, the engineer-in- 
chief of the company, to Mr, Guppy, the managing director, 
and (o others interested in the undertaking, by all of whom 
it was heartily approved. Mr. Naamyth gave permiGsion 
to Goramnnicate his plans to sueh fuige proprietors as 
might feel disposed to erect Buch a hammer to execute the 
proposed work,— the only condition which he made being, 
that in the event of his hammer being adopted, he was to 
bo allowed to supply it according to his own design. 

The paddle-shaft of the "Great Britain" was, how- 
ever, never foiged. Abont that time, the aabstitution of 
the Screw for the Paddle-wheel aa a means of propulaion 
of steam-vessels was attractii^ much attention ; and the 
performances of the " Archimedes " were so eucoeesful as to 
induce Mr, Brunei to recommend his Directors to adopt 
the new power. They yielded to hia entroafy. The greal 
engines which Mr. Humphries had designed were accord- 
ingly set aside ; and he was required to produce Fresh 
designs of engmes suited for screw propulsion. The result 
was faial to Mr. Ilumphries. The labour, the anxiety, 
and perhaps the disappointment, proved too much for him, 
and a brain-fever carried him off; so that neither his great 
paddle-shaft nor Mr. Nasmyth's stoam-hammor to forge it 
was any longer needed. 

The hammer was left to bide its time. No forge-master 
would tate it up. The inventor wrote to all the great 
firms, urging its superiority to every other tool for working 
malleable iron into all kinds of forgo work. Thus he wrote 
and sent illustrative sketches of his hammer to Accramans 
and Morgan of Bristol, to the lato Benjamin Hick and 
Rushton and Eckeraley of Bolton, to Hownrd and Havenhill 
of Rotherhitho, and other firms ; but unhappily bad timos 
for the iron trado had set in ; and although all to whom ho 
communicated his design were much struck with its sim- 
plicity and obvious advant^es, tho answer usually given 
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" We have not orders enough to keep in work tlie 
fbrge-hatniuerB we already have, and we do not desire at 
present to add any new ones, however improved," At 
that time no patent had been taken oat for the invention. 
Mr. Kaemytli had not yet saved inoney enongh to enable 
him to do bo on his own acconint ; and his partner declined 
til spend money upon a tool that no engineer woidd give 
the firm an order for. No eecret-waa made of the invention, 
and, excepting to its owner, it did not seem to be worth 
me ferthing. 

Such waa the trnpromieing state of affairs, when M. 
Sehneider, of the Crensot Iron Works in France, called at 
the Patricroft works together with his practical mechanio 
M. Bonrdon, for the purpose of orderii^ some tools of the 
Mr. Nasmytl, was absent on a jonmey at the time, 
'but his partner, Mr. Gasfcell, as an act of courtesy to the 
'Btrangers, took the opportunity of showing them all that 
■waa new and interesting in regard to raochiinism about the 
'■works. And among other things, Mr. Gasfcell brought out 
/his partner's sketch or " Scheme book," which lay in a 
drawer in the office, and showed them tho design of the 
'Bteam Hammer, which no English firm would adopt. 
■ They were much struck with its simplicity and practical 
';Wiility ; and M. Bourdon took careful note of ifa armnge- 
'ffients. Mr. NaKmyth on his return was informed of the 
Tisit of MM. Schneider and Hourdon, bnt the circumBtance 
'Of tlieir having inspected the design of hia steam-hamtnfir 
8 to have been r^arded by hia partner as too trivial a 
sr to be repeated to bim ; and he knew nothing of the 
.imroomstanee until hie visit to Franco in April, J840. 
''When passing throngh the works at Crciisot with M. 
"Sonrdon, Mr. Naemyth saw a crank shaft of unusual size, 
«ot only foi^d in the piece, but punched. TTo imme- 
4iately asked, "How did you forgo that shaft?" M. 
IBourdon's answer waa, " Why, with your hammer, to Ije 
lore ( " Great indeed was Nasmyth's surprise ; for he had 
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never yet Keen the hammer, except ia hia own drawing. 
A little explanation soon cleared all v]}. M. Bourdon said 
ho had boon so much struck with the ingenuity and sim- 
plicity of the arrangement, that he had no sooner returned 
than he BOt to work, and had it hammer made in general 
accordance with the design Mr. Gabkeli had shown him ; | 
and that its peifonua,naes liad answered his every expecU- 
tion. He then took Mr. Nasmyth to see the Bteam-hammer; 
and great was his delight at seeing the child of his biain 
in full and active wurk. It was not, according to Mr, 
Nanmyth's ideas, quite peifect, and ha readily suggested 
several improvements, conformable with the original de- 
sign, which M. Bourdon forthwith adopted, 

Mr. Masmyth at once despatche<l a letter to his partner 
telling him what he had seen, and urging that the taking 
out of a patent for the protection of ihe invention ought 
no longer to bo deferred. But trade was still very much 
depressed, and as the Patricroft firm needed all their 
capital to carry on their Ijusiness, his partners objected to 
lock any of it up in engineering novelties. Seeing himself 
on the brink of losing hia property in the invention, Mr. 
Nasmyth applied to his brother-in-law, \\illiam Bennett, 
Esq., who advanced him the requisite money for the 
purpose — about 280i.,— and the patent was secured in 
June 1840. The first hammer, of 30 cwt., was made for 
the ratricroft works, with the consent of the partners ; and 
in the course of a few weeks it was in full work. The 
precision and beauty of its action — the perfect ease with 
which it was managed, and the untiring force of ils per- 
cussive blows — wei-e the admiration of all who saw it ; and 
firom that moment tlie steam-hammer became a recognised 
power in modern mechanics. The variety or gradation of 
its blows was such, that it was found practicable to mani- 
pulate a hammer of ten tons as easily as if it had only been 
of ten ounces weight. It was under such complete control 
that while descending with its greatest momeatOEi, i 
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[«ild be arreated at tmy point with eyon greater ease than 
ny inatrument used by hand. While capable of forging 
a Armstrong hundred-pounder, or tho slieet-anchor for a 
bip of the line, it could hamnaer a nail, or crack a nut 
without bruising the kernel. When it cama into general 
use, the facilities which it afforded for executing all kinds 
of forging had the effect of greatly increasing the quantify of 
work done, (it tho eame time that eipen.se was saved. The 
cost of making anchors was reduced by at least 50 per cent., 
while the quality of tho forging was improved. Uefore its 
invention the mauufacUiro of a shaft of 15 or 20 cwt, re- 
quired tho ooncenti'ated exertiouE of a largo establishment, 
and its successful execution was regaided as a gieat triumph 
E skill ; whereas furgings of 20 and 30 tons weight ai'e 
now things of almost every-day oacurrenoe. Its advantages 
a BO obvious, that its adoption soon become geueral, 
and in the courEe of a few yeare Nasmyth steam-hammers 
were to be found in every well-appointed workshop hoth 
at home and abroad. Many modifications have been made 
in the tool, by (Joudie, Morrison, Naylor, Kigby, and others ; 
Imt Masmyth's was the father of them alt, and still holds 
its ground.* 

Among the important uses to which this hammer has of 
late years been applied, is tho manufacture of iron plates 
fcr covering oiu- sliips of war, and the fabrication of the 
lense wrougbt-iron ordnance of Armstrong, Whitworth, 
and Blakely. But for the steam-hammer, indeed, it is 
doubtful whether such weapons could have been made. It 
n also used for the re-manuiacture of iron in various other 
forms, t« say nothing of the greatly extended use which it 
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has been the direct moana of effecting in wroughfr-iron and 
steel forgings in eveiy description of machinery, from tie 
lai^eet iiia.rine steam-onginefl to the moat nice and delicate 
parte of textile mechanism. " It ia not too much to say," 
observes a writer in the Engvieer, " that, without Naemyth's 
steam -haiumor, we must bave stopped short in many of 
those gigantic engineering works which, but for the decay 
of all wonder in us, would be the perpetual wonder of this 
nge, and which have enabled our modern engineers to take 
rank above the goda of all mythologies. There is one use 
to which the steam-hammer is now becoming extensively 
applied by some of our manufacturers that deserves especial 
mention, rather for the prospect which it opens to us than 
for what has abeady been actually accomplished. We 
allude to the manufacture of large articles in dies. At one 
manufactory in the country, railway wheels, for example, 
are being manufactnircd with enormous economy by this 
meaaa. The various parts of the wheels are produced in 
quantity either by rolling or by dies under the hammer; 
these parts are brought together iu their relative positions 
in a mould, heated to a welding heat, and then by a blow 
of the steam hammer, famished with dies, are stamped 
into a complete and all but finished wheel. It is evident 
that -wherever wrought-iron articles of a manageable size 
have to be produced in considerable quantities, the same 
process may be adopted, and the saving effected by the 
eubstitutiou of this for tLe ordiuaiy forging process will 
doubtless ere long prove incalculable. For this, as for the 
many other advantageous uses of the steam-hammer, we are 
primarily and mainly indebted to Mr. Nasmyth. It is hut 
right, therefore, that we should hold his name iu honour. 
In fact, when we think of the universal service which tiua 
machine is rendering us, \?e feel that some special expres- 
sion of our indebtedness to him would be a reasonable and 
grateful service. The benefit which he has conferred upon 
40 IB su great as to justly entitJo him to stand side by side 
with the few men who bave gained name and fame as gre>t 
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inventivo eagineera, and to whom wo have teatified oat 
gratitude — -naually, imhappjly, when it waa too late for 
them to enjoy it," 

Mr. Kasmyth snbsoquently applied the principle of the 
Bteam-hammor in tho pile driver, which he invented in 
1843. Until its prodnction, all piles had been driven by 
means of a small mass of iron falling upon the head of the 
pile with great velocity from a. considerable height, — the 
laising of the iron mass by means of the ' ' monkey " being 
an operation that ocoupied much time and labour, with 
■which the reanlts weix; very incommensurate. Pile-driv- 
ing was, in Mr. Nasmyth's words, conducted on the artillery 
or cannon-ball principle ; the action being excessive and 
the mass deficient, and adapted rather for destructive than 
impulsive action. In his new and beautiful machine, he 
applied the clastic force of st<^m in raising the ram or 
driving block, on which, the block being diseng^ed, its 
whole weight of three tons descended on the head of the 
pile, and the process being repeated eighty times in tho 
minute, tho pile was sent homo with a rapidity that was 
quite marvellouB compared with the old-faBhioned system. 
In forming coffer-dams for the piers and abutments of 
Inidgea, quays, and liarbouTB, and in piling the foundations 
of all kinds of masonry, the steam pile driver was found of 
invaluablo uao by the engineer. At ihe first experiment 
made with tho machine, Mr. Naemyth drove a 14-inch pilo 
fifteen feet into hard ground at the rate of 65 blows a 
ninnte. This pile driver was first used in forming tho 
■team dock at Devonport, where tho results were very strik- 
ing ; and it was shonly after employed by Eobert Stephe*.- 
•on in piUng the foimdatious of tho great High Level 
Bridge at Newcastle, and tho Border Bridge at Berwick, as 
well as in several other of his great works. The saving of 
ttme effected by tliis machine was very remarkable, the 
latio being as 1 fo 1800 ; that ia, a pile could be driven in 
four minutes that before required twelve hours. One of 
tlie peculiar featurp^ of (he invention was that of employ- 
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ing the pile itiielf as the support of the eteain-tuuniner put 
of tht} appaiatua wlii!e it was being driven, so tliat tlie pilo 
bad the perenasivo action of the dead weight of the bammer 
oa well as ite lively blows to induos it to sink into the 
ground. The steam-hammer sut ae it were on the 
fihouldera of the pile, while it dealt forth its ponderous 
blows on the pile-head at the rate of 80 a minute, and as 
the pile sank, the hammer followed it down with never 
relaxing activity until it was driven home to the required 
depth. One of the most ingenious contrivances employed 
in the driver, which was also adopted in the hammer, waa 
the use of steam as a buffer in the upper part of the cylin- 
der, which had the effect of a recoil spring, and greatly 
enhanced the force of the downward blow. 

In 1846, Mr. Nasmyth designed a form of steam-engine 
after that of his steam-hammer, which has been extensively 
adopted all over the world for screw-ships of all sizes. 
The pyramidal form of this engine, its great simplicity and 
getrat-ohiliU/ of parts, together with the circumstance that 
all tlie weighty parts of the engine are kept low, have ren- 
dered it a universal favourite. Among the other labour- 
saving tools invented by Mr. Naamytb, maybe mentioned 
the well-known planing machine for small work, called 
"Nasmyth's Steam Arm," now used in every lai^ workshop. 
It was contrived for the purpose of executing a large order 
for locomotives received from the Great Western Enilway, 
and was found of gi'eat use in accelerating the work, espe- 
cially in planing the links, level's, connecting rods, aaA, 
smaller kinds of %vrought-ivun work in thoso engines. Hj^J 
uotohed drill for slotd and slits was another of his haad]^| 
inventions, which shortly came into general use. In iroi^^ 
fuunding also ho introduced a valuable practical improve- 
ment. The old mode of imuriag the molten metal into tho 
moulds was by means of a large ladle with one or two cross 
handles and levers ; hat many dreadful accidents occurred 
through a slip of the hand, and Mr. Nasiayth resolved, if 
potwiblu, to prevent them. The plm he adopted ^vas to fix 
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the eide of tlie ladle, into wbiah a worm 
was geared, and by this Mimple coutrivauce ono man wua 
enabled to move the largest ladlo on its axis with perfect 
ease and safety. By this means the work was mort 
promptly performed, and aocidonta antirely avoided. 

Mr. Nasinj-th'fi skill in invention was backed by grcA( 
enei^y and a largo fund of common sense — qualitleii uot 
often found united. These proTod of much sor^-ice to the 
concern of which ho was the head, and indeed coostitatad 
tbe Tital force. The firm prospered as it deserved ; and 
they executed orders not only for England, but for most 
eonntries in the civilized world. Mr. Kasmyth hod the 
advantage of being trained in a good school — that of Henry 
UaudBlay — where ho had not only learnt handicraft under 
the eye of that great mechanic, but the art of organizing 
labonr, and (what is of great value to an employer) know- 
ledge of the characters of workmen. Yet the Nasmyth linn 
Were not without their troubles as respected tbe mechanicH 
in their employment, and on one occasion they had to pass 
'throngh the ovdeal of a very formidable strike. Tho man- 
ner in which the inventor of tho stoam-hammer literally 
" Scotched" this strike was very characleristic. 

A clever young man employed by tho fiim as a brass 
founder, being found to have a peculiar capacity for skilled 
mechanical work, had been advanced to the lathe. The 
other men objected to his being so employed on the ground 
&at it waa against the rules of the trade. " But he is 
K first-rate workman," replied tho employers, "and wo 
think it right to advance a man according to his conduct 
and hiB merits." "Ko matter," said the workmen, " it is 
against the rules, and if you do not t^ke the man from tho 
3atbe, wo must turn out." " Very well ; we hold to our 
Tight of selecting tlie best men fur the best places, and we 
■Trill not lake the man irom the lathe." The consequence 
a general turn out. Pickets were set about the works, 
^^___ any stray men who went thither to seek emploj'nient 
^ere waylaid, nnd if not induced to turn back, were mat- 
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treatod or atinojed until they wore glad to leave. 

works were almost at a standstill. This state of things 
could not bo allowed to go on, and tho head of the 6rm 
bestirred himself accordingly with hia iisual energy. 
He went down to Scotland, searched all the best me- 
chanical workshops there, and after a time eucceeded in 
engaging aisty-four good hands. lie forbade them coming 
by driblots, bat hold them together until there was a ftill 
freight ; and then they oame, with their wives, families, 
chests of drawers, and eight-day clocks, in a steamboat 
specially hired for their transport from Greenock to Liver- 
pool, From thence they came by special train to Patricroft, 
where houses were in readiness for their reception. Tho 
flirival of BO iinmerous, well-dressed, and respectable a corps 
of workmen and their families was an event in the neigh- 
bourhood, and could not fail to strike the " pickets " with 
surprise. Next morning the sixty-four Scotchmen as- 
sembled in the yard at Patricroft, and after giving " throe 
cheers," went quietly to their work. The "picketing" 
wont on for a little while longer, but it was of no use 
against a body mf strong men who stood " shouther to 
shouther," as tho new hands did. It was even bruited 
about that there were " more trains to follow 1 " It very 
Boon became clear that the back of the striko was broken. 
The men returned to their work, and the clever bi 
founder continued at his turning-lathe, from which 
speedily rose to still higher employment. 

Notwithstanding tho losses and suffering oocftsioned 
strikes, Mr. Nasmyth holds tho opinion that they have on 
the whole produced much more good than evil. They have 
served to stimulate invention in an extraordinary degree. 
Some of tho most important labour-saving processes now in 
common use are directly traceable to them. In tho case of 
many of our most potont self-acting tools and miiebineB, 
manufacturers could not be induced to adopt them until 
compelled to do so by strikes. This was tho case witfi 
iolf-aettng mule^ the wool-combing machine, iJie pi 
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macliinQ, the slotting machine, NaBinyth's stoam arm, and 
many uthors. Thus, even in the meohanical woild, there 
may be " a soul of goodness in things eTil." 

Mr. Nasmyth retired from business in December, 1856. 
Ho had the moral courage to come out of the grooYO which 
he had bo laboriously made for himself, and to leave a 
large and prosperouB buainess, Baying, " 1 have now enough 
of this world's goods ; let younger men have their chance." 
He settled down at his rural retreat in Kent, but not to 
lead a life of idle ease. Induatry had become hie habit-, 
and active occupation was necessary to his happiness. He 
tall back upon the oAiltivation of those artistic tastes which 
arc the heritage of his family. When a boy at the TTigti 
Bchool of Edinburgh, he was so skilful in making pen and 
ink iUostratioiiB ou the maTgins of the classics, that he 
thus often purchased from his m.onitors exemption from tbo 
lessons of the day. Nor had ho ceased to cultivate the art 
during hia residence at Patricroft, but was acousttimed to 
fall back upon it for relaxation and enjoyment amid the 
pursuits of trade. That he possesBoa remarkable fertility 
of imagination, and great skill in architectural and land- 
■Bcape drawii^, as well as in the much mora difScnlt art of 
delineating the human figure, -will be obvious to any one 
who has seen his works,— more particulai'ly his " City of St. 
Ann's," " The Fairies," and " Everybody for ever ! " which 
laet was exhibited in Pall Mall, among the recent collection 
of works of Art by amateurs and others, for relief of the 
Lancaishire distress. He has also brought hie common 
sense to bear on such unlikely subjects as the origin of the 
ouneifonn chai'actfir. The possession of a brick from Baby- 
lon set bim a thinking. How had it been manufactured? 
Its under side was clearly marked by the sedges of the 
EuphratoB upon which it had been laid to dry and bake in 
the sun. But how about those onrious cuneiform characters ? 
How had writing assumed so remarkable a form? Hia sur- 
mise was Ihis : that tbe brickmakers, in telling their tale of 
bricks, used tho iriangnlar comer of another brick, and by 
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proashig it down upon the soft clay, left behind it the tri- 
angiilar mark which the cuneiform character exhibits. 
Such marks repeated, and placed in different relationa to 
each other, would readily represent any number. From the 
UB© of the corner of a brick in writing, the transition was 
easy to a pointed stick with a triangular end, by the use of 
which all the cuneiform oharaotera can readily be produced 
upon the soft clay. This curious question formed the 
subject of an intereBtiag paper iwad by Mr. Nasmyth before 
the British ABSociation at Cheltenham. 

But the most engrosBitig of Mr. Nasmyth'a later pursuits 
has been the ecience of astronomy, in which, by bring- 
ing a fresh, original mind to the observation of celestial 
phenomena, he has succeeded iu making some of the most 
remarkable discoveries of our time. Astronomy -was one 
of his favourite pursuits at Patricroft, and on his retire- 
ment became his serious study. By repeated observations 
with a powerful reflecting telescope of hie own construc- 
tion, he succeeded in making a very careful and minute 
painting of the craters, cracks, mountains, and valleys in 
the moon's surface, forwliioh a Council Medal was awarded 
him at the Great Exhibition of 1851. But the most 
striking discovery which he has made by moans of his 
telescope — the result of patient, continnous, and energetic 
observation — has been that of the nature of the sun's sur- 
face, and the character of the extraordinary light-giving 
bodies, apparently possessed of voluntary motion, moving 
across it, sometimes forming Bpote or hollows of more than 
a hundred thousand mitcB in djameter. jM 

The results of these observations were of so hovbI'^I 
character that astronomers for some time hesitated to nH 
ceive them as facts.* Yet so eminent an astronomer fi^ 
Sir John Herschel does not hesitate now to describe them 
as " a most wonderfiil discovery." " According to Mr 
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Sasmyth's otservations," says lie, " made with a very fine 
tpe of hie own making, the briglit Burface of tho Bim 
a of Beparale, insulated, individual objects or things, 
all nearly or exactly of one certain definite size and ehape, 
■which IB more lite that of a willow leaf, as he describes 
ihem, than anything else. ThoBO leaves or scales are not 
arranged in any order (aa those on a butterfly's wing ai-e), 
but lie crossing one another in all directions, like what 
ure called spills in the game of spillikinB ; except at the 
"borders of a spot, where they point for the most part 
Inwards towards the middle of the spot," presenting 
tnnch the sort of appearance that the small leaves of 
some water-plants or Bea-weeda do at the edge of a deep 
fcole of clear water. The exceedingly definite shape of 
theee objects, their eiact similarity one to another, and 
tho way in which they lie across and athwart each other 
(eicopt where they form a sort of bridge acroHs a spot, in 
which caao they seem to affect a common direction, that, 
namely, of tLe bridge itself), — all these characters seem 
quite repngnimt to the notion of their being of a vaporous, 
a cloudy, or a fluid nature. Nothing remains but to con- 
sider them as Kepiirate and independent sheets, flakes, or 
Bcalea, having some sort of eolidily. And these flakes, be 
they what they may, and whatever may be said about the 
'dashing of meteoric stones into tho aun'.s atmosphere, &c., 
6 evidently the immediate somxes vf the aolar light and heat, 
by whatever mechanism or whatever processes they may 
"he enabled to develope and, as it were, elaborate these ele- 
bientG from the bosom of the n on luminous fluid in which 
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iixtiy appear (o float. Looked at in (Hs point of view, wo 
uuniiot iffuBe to I'egai'd Uiuui us urganisiua of some peculiar 
uul amazing kind ; iind though it would be too daring to 
speak of such organization ae partaking of tlte nature of 
life, yet we do know that vital action is competent to 
develop heat and light, as well as electricity. These 
wonderftil objects have been seen by others as well aa Mr. 
Kasmyth. so that there is no room to doubt of thoir 
reality." • 

Such is the marvellous discovery made by the invenlor 
of the steam-hammer, aa deaeribed by (te most distin 
guished astronomer of the age. A writer in the HUnbirs^ 
lieaiew, referring to the eubject in a recent number, Bays 
it shows him " to possess an intellect as profound as it is 
expert" Doubtless his training as a mechanic, his habits 
of close observation and his ready inventiveness, whioh 
conferred so much power on him as an engineer, proTed 
of equal advantage to him when labouiing in the domsiii 
of physical science. Bringing a fresh mind, of keen per- 
ception, to his new studies, and uninfluenced by precon- 
ceived opinions, he sa'w them in new and original lights; 
and hence the extraordinary discovery above described by 
Sir John Herachel. 

Soma two hundred years since, a member of the Nasmyti 
family, Jean Naamyth of Hamilton, was burnt for a witch 
■ — one of the last martyrs to ignorance and superstition in 
Scotland— because she read her Bible with two pairs of 
epectaoles- Had Mr, Nasmyth himself lived then, ho might, 
with his two telescopes of his own making, which bring 
tho sun and moon into bis chamber for him to osamiue 
and paint, have been taken for a sorcerer. But fortunately 
for him, and atill more so for us, Mr. Nasmyth stands be- 
fore the public of this ^o as not only one of its ablest 
meohanios, bnt as one of the most accomplished and original 
of Boientific observers. 



WILLIAM FAIEBAIRN. 



CHATTER XVI. 

William Faibbairb. 



" Id nience ;hei'e 
i»nall}r the mai Ht 
ninlii, and has cijmj 

J. D. Fvrbas. 



\» work fnr all hands, more or leas skilled ; aod ha >■ 
Id DCCUpj tlie higher posla who has liBoi fiom Ihe 
■imealally aeqiiainlfd himself with the nature of the 
each and ererj, even the humhleat departmenl." 



The development of the mechanical indnstiy of England 
been bo rapid, especially us xegards the wondoTs 
achieved by the machine-tools above referred to, that it 
may almost be eaid to have been accompliehed within the 
life of the present generation. " When I first entered this 
city," said Mr. Fairbaim, in his inaugural address as Pre- 
mdent of the British Association at Manchester in 1861, 
the whole of the machinery was executed by hand. 
There were neither planing, slotting, nor shaping ma- 
ohineB; and, with the exception of very imperfect lathes 
and a few drills, the preparatory operations of constnic- 
tion were effected entirely by the hands of the worltmen. 
'Savr, eveiything is done by machine-tools with a degree 
of accuracy which tho unaided hand could never accom- 
plish. The automaton or self-acting machine-tool has 
within itself an almost creative power ; in fact, so great 
»re its poweis of adaptation, that there is no operation of 
tiie human hand that it does not imitate." In a letter to 
ihe author, Mr. Fairbaim says, " The great pioneers o( 
fliaohine-tool -making were Maudslay, Murray of Leeds, 
Clement and Fox of Herby, who were ably followed by 
ISaemjOt-, Roberts, and Wbitworth, of Manchester, and 
~" Peter Fairlaim of Tiocds ;" and Mr. Fairbaim might 
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wgU have added, by himeeif, — for lie has been one of tbe 
most influentUl luid eaccessful of mochajucal eDgiaeera. 

William Fairbaim was bom at Kelso on the 19th of 
Fobruarj', 1789. His parents occupied a humble but r 
epectable poaition in life, Hia faltiBr, Andrew Fairbaim 
was the eon of a gardener in the employment uf Mr. Baillie 
of Melliston, and lived at Smailholm, a village lying a few 
milee west of Kelso. Tracing tho Fairbaims still fnrihar 
back, we find several of them occupying the station ot 
" portaoners," or small lairda, at Earlston on the Tweed, 
where the family had been settled since the days of tlia 
Solemn League and Covenant. By his mother's side, tho 
subject of our memoir ia aupposed to be descended from 
tho ancient Border family of Douglas. 

A\'liiIo Andrew Fairbaim (William's father) lived al 
Smailholm, Walter Scott was living with his grandmothei 
in Smailholm or Sandyknowe Tower, whitber ho had beeii 
Bent from EJinbui^h in the hope Ihdt change of ai 
help the cure of his diseased bi[i-joint; and ATidrew, 
being nine years his senior, and a strong youth for his 
ago, was accustomed to carry the little patient about in 
his arma, until he was able to walk by himself. At a 
later period, when Mias Scott, Walter's aunt, removed 
from Smailholm to Kelao, the intercimrse between the 
familie.1 was renewed. Scott was then an Edinburgh ad- 
vocate, engaged in collecting materials for his Minstrelsy 
of the >Scottish Border, or, as hie aimt described his pur- 
suit, " running after the anld wives of the country gatherin' 
havers." lie usod fi-equontiy to read over by the fireside 
in tho evening the results of his curious industry, which, 
however, were not very greatly appreciated by his nearest 
relatives ; and they did not scruple lo declare that for the 
"Advocate" to go about collecting "bnllants" was mere 
waste of time as well as m,oney. 

"William Fairbaim's first schoolmaster was a decrepi 
old man who wont by tha name of " Bowed Johnnie Kef 
— a Cameronian, with a nasal twang, which his papS 
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omt much more readily than they did his lessons in 
aading and arithmetic, notm.thstanding a liberal use (if 
the tawae." Yet Johnnie hfid a taste for mneic, and 
lugbt his pupils to ting their reading lessons, which wa.i 
eckoned qnite a novelty in education. After a short time 
ur scholar was transferred to the iiarish-school of the 
im, kept hy a Mr, White, whore he was placed unde 
3 charge of a rather severe helper, who, instead of tho 
wBe, administered discipline by means of hia knuckles, 
ard as horn, which he applied mth a peculiar jerk to tlio 
rania of his pupils. At this school Willie Fairbaira lost 
B greater part of the singing accomplishments which ho 
d acquired under " Bowed Jolinnie," but ho leaint in 
)u of them to read from Scott and Barrow's collections 
r prose and poetry, while he obtained some knowledge ot 
rithmetic, in which he proceeded as far as practice ami 
be rule of three. This coostituled his whole stock of 
Bhool-leaming up to his tenth year. Out of school-houra 
iB learnt to climb the ruined walls of the old abbey of the 
, and there was scarcely an arch, or tower, or cranny 
^ it with which he did not become familiar. 

When iu hia tenth year, hia father, who had been 
rouglit lip to farm-work, and possessed considerable prae- 
3cal knowledge of agriculture, was offered the charge of 
L farm at Moy in Eoss-shire, belonging to Loid Seaforth of 
Srahan Castle, 'ilic farm was of about 300 acres, situated 
a the bants of the river Conan, some five miles from tho 
of Dingwall. The family travelled tliither in a 
jovered cart, a distance of 200 miles, through a very wild 
KP-A bill y comitry, arriving at their destination at tho end 
of October, 1799. The farm, when reached, was found 
Wer^?xiwn with whins and brushwood, and covered in 
y places with great stones and rocks ; it was, in short, 
1 nearly in a slate of nature as it was possible to he. 
Fho bouse intended for the farmer's reception was not 
tnished, and Andrew Fairbaim, with his wife and five 
^dreiii had to take temporary' refuge in a miserabls 
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hovel, very imlike the comfortable house which they had 
' onittod at Eelso. By next spring, however, the new 
l.ooase was ready ; and Andrew Faiibaim set vigorously 
■"to work at the reclamatioii of the laad. After abont two 
years' laboors it exhibited an alt<^ther diffetent appear- 
ance, and in place of whins and stones there were to 
be Been heavy crops of barley and ttunips. The barren 
years of 1800 and 1801, however, pressed very hardly on 
Andrew Fairbaim as on every other farmer of arable land. 
About that time, Andrew's brother Peter, who acted as 
secretary to Lord Seaforth, and through whose influence 
the former had obtained the farm, left Brahan Castle for the 
West Indies with his Lordship, who — notwithstanding hia 
being both deaf and dumb — had been appointed to the 
Governorship of Barbadoes ; and in consequence of varions 
difficulties which occurred shortly after his leaving, Andrew 
Fairbaim found it necessary to give up his holding, where- 
upon he engaged as steward to Mackenzie of Allengrange, 
with whom he remained for two years. 

While the family lived at Moy, none of the boys were 
put to school. They could not be spared from the iann 
and the household. ThoBo of them that could not work 
afield were wanted ta help to nurse the younger children 
at home. But Andrew Fairbaim possessed a great treasure 
in his wife, who was a woman of much enet^ of character, 
netting before her children an example of patient industry, 
thrift, discreetness, and piety, which could not feil to exer- 
cisB a poworfiil influence upon them in after-life ; and this, 
of itself, was an education which probably far more than 
compensated for the boys' loss of school-culture during their 
life at Moy. Mrs. Fairbaim span and made all the children's 
olotbea, as well aa the blankets and sheeting ; and, while 
in the Highlands, she uot only made ber own and her 
daughters' dresses, and her sons' jackets and trowsers, but 
ber husband's coal^ and waistcoats ; besides helping hg[ 
neighbonrs to cut out their clothing for family wear. 
One of William's dtitics at home wai to ntirse his yov 
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rather Peter, then a delicate oliild under two yeai's uld; 
bid to relieve himBelf of the labour of carrying him about, 
i began the construction of a little wa^on in which to 
^heel him. This was, however, a work of some diffi 
olty, as all Ihs tools he posBeBsed were only a knife, a 
'mlet, and an old saw. With these implements, a piece 
f thin board, and a few naila, ho neTertheless contrived 
> make a tolerably scj-viceablc waggon-body. Bin chief 
""icnlty consisted in making the wheels, which he con- 
PriTed to surmonnt by cutting sections from, the stem of a 
^■mall alder-tree, and with a red-hot jioker he bored the 
requisite holes in their centres to receive the axlo. The 
waggon was then mounted on its four wheels, and to the 
great joy of its maker was fouod to answer its purpose 
admirably. In it he wheeled his little brother —after warda 
well known as Sir Peter Pairbairn, mayor of Leeds— in 
various directions about the farm, and eometimea to a con- 
siderable distance from it ; and the vehicle was regarded 
on the whole as a decided success. His father encouraged 
Mm in his little feats of construction of a similar kind, and 
ho proceeded to make and rig miniature boats aud ships, 
and then miniature wind aud water mills, in which last art 
ho acqmred such expertness that he had sometimes five 
or six mills going at a time. The machinery was all 
made with a knife, the water-spouts being formed by the 
bark of a tree, and the millstones represented by round 
discs of the same material. Such were the flxst constructive 
efforts of the future miUwright and engineer. 

When the family removed to AUongrange in 1801, tho hoys 
■were sent to school at Mulochy, about a nile and a half 
distant from the farm. The school was attended by about 
I forty barefooted boys in tartan kilts, and about twenty girls, 
■ all of the poorer class. The schoolmaster was one Donald 
a good teacher, but a severe disciplinarian. Under 
P lum, William made some progress in reading, writing, and 
Larithmetio; and though he himself has often lamented the 
f his school instraction. it is clear, from what 
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he bus KJiJce been enabled to acoomplisli, thai these earl; 
leasuns were enough at all events to set him fairly on the ' 
roftd of self-culture, and proved the fniitful seed of much 
valuable intellectual labour, as well as of many excellent 
practical books. I 

After two years' trial of Lis new sitoatdon, which waa bj | 
no uicans eatislactcry, Andmw Fairbairn detcnniiied again 
to remove southward with, his family; and, soiling off every- 
thing, they set soil from Cromarty for Leith in June, 1803. 
Having seen his \vife and childi'cn temporarily settled at 
Kelso, he looked out for a situation, and shortly after pro- 
ceeded to nndci*take the management of Sir Williani 
Ingleby'a faim at Eipley in Yorkshire. Meanwhile Williani 
was placed for three months under the charge of his 
nnole William, the parish schoolmaster of Gidaahiels, for 
the purpose of leceiving instmetion in book-keeping and 
land-surveying, from which he derived considerable benefit. 
He could not, however, remain longer at school ; for being 
of the age of tbuiteen, it was thought necessary that he 
ahould be set to work without further delay. His first em- 
ployment was on the fine new bridge at Kelso, then in 
course of construction after the designs of Mr, Kennie ; but 
in helping one day to carry a handbarrow-Ioad of stone, his 
Bti'ength proving iimufScient, he gave way under it, and the 
Gtones fell upon him, one of them inflicting a serious wound 
on his leg, which kept him a cripple for months. In the 
mean time his father, being dissatisfied with his prospects at 
Eipley, accepted the appointment of manager of the Percy 
Main CoUiery Company's faim in the neighbourhood of 
Newcostle-on-Tyne, whither he proceeded with bis family 
towards the end of 1803, William joining tbem in the 
following February, when the wound in his leg had suffici- 
ently healed to enable him to travel. 

Percy Main is situated within two miles of North Shields, 
and is one of the largest coUierjes in that district. "Wil- 
liam was immediately set to work at the colliery, his first 
•mployment bein^ to lead coals &om behind the soreec 
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_ I the pitmen's houaee. Hia Scotch accent, and perUapa 
his awkwardness, exposed him to much annoyance from, 
the " pit lads," who were a very rough and profligate set; 
tmd as boxing was a favourite pastime among them, our 
youth tad to fight his way to their respect, passing through 
a campaign of no less than seventeen pitched battles. Ha 
was several times on the point of abandoning the work 
altogether, rather than undergo the bufletings ifiid insults 
to which he was almost a daily martyr, when a protracted 
contest with one of the noted boxers of the collieiy, in 
which he proved the victor, at length relieved him from 
farther persecution. 

In the following year, at the ago of sixteen, he was arti- 
Jed as an engineer for five years to the owners of I'ercy 
Vain, and was placed nnder tho charge of Mr. iRobinson, 
iflie engine-wright of the colliery. His wages as apprentice 
were 8s. a week ; but by working over-houi-s, making 
•wooden wedges used in pitwork, and blocking out seg- 
luentB of solid oak required for walling the sides of tho 
mine, he considerably increased his earnings, which en- 
abled him to add to tho gross income of the family, who 
■were still stniggling with the difBcnlties of small means 
md increasing expenBes. When not engaged upon over- 
irork in the evenings, he occupied himself in self-ednca- 
jtion. He drow up a scheme of daily study wilh this oliject, 
to which he endeavoured to adhere as cloiiely as possible, — 
cleToting the evenings of Mondays to mensuration and arith- 
BJetic; Tuesdays to history and poetry ; Wednesdays to re- 
i^^ation, novels, and romances ; lliursdays to algebra and 
thematioB ; Fridays to Euclid and trigonometry; Hatur- 
1 to recreation ; and Sundays 1o church, Milton, and 
TOcreatioii. He was enabled to extend the range of his 
leading by tho help of the North Shields Subsoiiption 
■Jjibrary, to which his father entered him a subscriber. 
^^J*or1Jons of his spare time were also occasionally devoted 
to mechanical construction, in which he cultivated the 
■uJiU art of handling too!». One of hia first attempts wai 
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tliu oouti'ivance of a piece of raachinerj worked by a weight 
and a poiidulnm, that akoiild at tlie Game time serve for a 
tiiiiopieou and aii orrery ; but his want of meoDs, bh weU u 
of time, preveuted bim proBecmtiDg tbie contiivaiice to oom- 
pletion. He was more Bucoeasful with tbe oonstmction u( 
a fiddle, on wJiicb he was ambitioua to become a performar. 
It must have been a tolerable instrument, for a profesBionil 
player offered him 20s, for it. But though he eucceeded in 
making a fiddle, and for eome time persevered in the at- 
tempt to play upon it, he did not succeed in producing any 
eatiafaotory melody, and at length gave up the attempt, 
ooiivincod that nature had not intended him for a mufiiciaa.' 
In duo course of time our young engineer was removed 
from the workshop, and appointed to take charge of the 
pumps of the mine and the steam-engine by which they 
were kept in work. This employment was more to his 
taate, gave him better " insight," and afibrded him greater 
opportunities for improvement. The work was, however, 
very trying, attd at times severe, espeoially in vrinfer, the 



■etUni at MiMiclicstsr, the fidJlc, which 
hail been carefiillj prewnod, win Inken 
ilflwn Irma the Aetf Tor the nmaecmeiit 
DfUlccMldren; but tiisugh thcjr were 
w«ll enough pleased with it, tha histrn- 
mflDtwan never bi'Diight fiom its p1aj« 
wjttaont creating alarm In the mind ot* 
tiuai mother lest anybody should lienr 
it. At length*^ dancing-master, who 
was giving lessons in the neighbour^ 
hiind, bcrrowid the fiddle, and, to the 
Ki-ent rellerof the fnmiiy, it was uerer re- 
iiirned. Many jeii-6 later Mr. Fnirbairn 
t'.is present nt the starting of n ootton 
hill at Weeserling in Alsace belongiug 
(u tlcBsrs. (iiuB. Deval, sod Co., foi- 
which hia Mauth«t*r firm had pro- 
Tided the mill-work and water-wheel 
(the lint ereoted in France on the siu- 
nnsioQ principle), when the event whs 
tdlowwd by an entertniument. During 
iiuur Mr, Fnirbnim hid lieen explnia- 
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who spoke a little 
ITB of home-brewed 
ich admired, hsving 
iBglani). lliedimKr 
was followed bymusie,in the perfons- 
ance at which the host hJmseU' took 
part; and on Mr. Fairbaini'i wtmiring 
his aiooulinD on the Tiolm, H. GrM 
asked him i[ be pUjed. "A JiUle." 
was llif almost uufDnsdous reply. 
., m. must have the goodneaHn 
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in a moment placed in bra hands, amid&t 

urgent i-equcsts from all sides tbal tie 

should play. There was no altomtive ; 

so he proceeded to perform one of hi» 

best tunes—" The Kitl Row." The 

compHDy ]iaten«d n-ith : 

until the performer's career 

denly cut short by the host e 

at the top of his voice. "Stop, ■( 

MonaiBur, by gar that ' ' 
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Bnginoor being liable to be drenolied witb water ovcry time 
that be dftscendeJ the shaft to regulate the working of the 
pnmps ; but, thanka to a etout oonetitution, he bore through 
these expoanres without injury, though others eank under 
thorn. At this period ho had the advantage of occseiosal 
days of leisure, to which ho was entitled by reason of bis 
nightwork; and during such leisure he usually applied 
himself to reading and study. 

It was about this time that William Fairhaim made the 
acquaintance of George StepheQson, while the latter was 
employed in working the ballaat-engine at \ViIlingtou 
Quay. He greatly admired George as a workman, and 
was accastomed in the summer eveninga to go over to 
tbo Quay occasionally and take charge of Geot^'e engine, 
to enable him to earn a few shillinga extra by heaving 
ballast out of the collier vessels. Stephenson's zeal in the 
pnrsuit of mechanical knowledge probably was not wilhout 
its influence in stimulating William Fairbaim himself to 
carry on so diligently the work of self-culture. But littJe 
oonld the latter have dreamt, whiio aerving his apprentice- 
ship at Percy Main, that his friend George Stephenson, the 
r bnjcesman, should yet be recognised as among the greatest 

■ engineers of his age, and that ho himself should have the 

■ Cpportunity, in his capacity of President of the Institute of 
KUecbanical Engineers at Newcastle, of making public ac- 
Kinowledgment of the opporlunities for education which he 
Pliad enjoyed in that neighbourhood in his early years.* 

ivebetn thfrelonddressthpin. Bdag 
If-tanght, bat nlth loine little unbi- 
VI, and a d«l«iaination to impron 
himself, be ma now iDBblal lo &Uui4 
b«fiire thim with nine prMcDiiioiis to 
Khnnienl knowledge, aad the pemu. 
>ij tbnt he had bren a nadul too- 
WiuUtr toptocfjcal adenn aJid'DbJMla 
iibect^ witJi mffihaaicsl ei^ineer- 
;"—Mfatins ofiht Inslituta ofMt- 
laiical Eitffiuetrt at JfctKastltHUt' 
Tijne, 1858.' 
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appionticefiliip at I'ei 

Main, by which time he had reached hia twenty-first year, 
Williiim Fairbaim shortLy aftor determined to go forth 
into the ■world in search of eiperience. At Newcastle he 
found employmont as a millwright for a few weeks, during 
which he worked at the erection of a sawmill in the Close. 
From thence he went to Bedlington at an advanced wage. 
He romained there for six months, during which he was so 
furtunata as to make the acquaintance of Miss Mar, who 
five years after, when his wanderings had ceased, became 
his wife. On the completion of the job on which he had 
been employed, our engineer prepared to make another 
change. Work waa difficult to be had in Iho North, and, 
joined by a comrade, he resolved to try his fortune in 
London. Adopting the cheapest route, he took passage by 
a Shields collier, in which he aaded for the Thames on tiie 
11th of December, 1811. It was then war-time, and the 
vessel was very short-handed, the ciew consisting only rf 
three old men and three boys, with the skipper and matd 
so that the vessel ivas no sooner fairly at sea than both fl 
passenger youths had to lend a hand in working her, t 
this continued for the greater part of the voyage, 
weather was very rough, and in consequence of the 
tain's anxiety to avoid privateers he hugged the shore ti 
close, and when navigating the inside piissage of the Swi 
between Yarmouth and the Nore, the vessel very narroif 
escaped shipwreck. After beating about along shore, i 
captain half drunk the greater part of the time, the v 
at last reached the Thames with loss of spars and i 
anchor, after a tedious voyage of fourteen days. 

On arriving off BlackwaU the captain went ashore oste 
sibly in search of the Coal Exchange, taking oi 
engineer with him. The former waa still under the influ- 
ence of drink ; and though he failed to reach the Exchange 
that night, he .succeeded in reaching a public houae iii_ 
Wapping, beyond which he could not be got. At 
o'clock the two started on their return to the ship; 
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the captain took the opportunity of the darkneaa io soyHk- 
late from his companion, and did not reach the ship until 
next morning. It aftorwards came out that he bad been 
taken up and lodged in the watch-houBe. The youth, 
left alone in the streets of the Btrange city, felt himself in 
an ankward dilemma. lie asked the next watchman he 
met to recommend him to a lodging, on ■which the man 
took him to a house in New Gravel Lane, where he suc- 
ceeded in finding accommodation. What was his horror 
next mornbg to leam that a whole family — the William- 
sons — had been murdered in the very next house during 
the night ! Making the best of his way back to the ship, 
he found that his comrade, who had entlbred dreadfully 
■from Bea-aickneas during the voyage, had nearly recovered, 
and waa able to accompany him into the City in search cf 
work. 

We proceed to quote hia own words : " Finding our- 
Belves in thia nnpleasant plight, we paid our passage, bade 
adieu to the Mate, and entered the great City with about 
71. 15«, between us. Thia sum had to last us five weeks. 
The fii-rt week was employed ia searching for work, and 
the other four weeks in waiting fur the decision of the 
Old Society of Shipwrights as to our eligibility and fitness 
to be employed and become members of their tratemity." 

It may be here mentioned, that there were then three 
millwright Bocietiea in London : one called the Old Society, 
another the New Sociefy, and the third the Independent 
Society, lliese societiea were not founded for the pro- 
tection of the trade, but for the maintenance of high wages, 
and for the exclusion of all those who conid not assert their 
claims to work in London and other corporate towns. Laws 
of a moat arbitrary character were enforceil, and the societies 
■were governed by cliques of self-appointed offlceis, who 
never failed to take care of their own interests. 

To return to the narrative ; " We got employment from 
the late Mr. John Bennie, the celebrated engineer. On 
applying to him, he enquired where I had oouie from? I 
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eaid, "From Newcastle' Sis reply waa, *Go to Jo 
Walker, aad tfill liim to set you to work ; bnt what tlw 
dovil made yon leaTo No'wcastlo at this tiius of the jeat?' 
1 answered, 'Necessity;' and there ended the interview. 

" Mr. Walker directed us to the Secretary of the Society, 
as they hud none but Society men in the shop. On appli- 
(lation to the Secretary, we were informed that our claimi 
could not bo investigated until the next monthly raeedng, 
and we had therefore nearly fonr weeks to wait until tlio 
lime of trial arrived. Dttring that time we livud in a 
garret up fonr pairs of stairs in a court off St. Martin'a- 
lane. We manufactured two seven years' indentures, and 
waited, with no small degree of tremor and eioitement, fui 
the day on which we were to appear before the arbitrators 
of our future destinies in London, 

"Before the time arrived, we fouod, to our mortification, 
that the wator-mark on the stamped paper of tho now in- 
denturoB was three years later than the date of the inden- 
tures themsolvea. We had, therefore, to set to work, aai 
erase the date, which no doubt awakened suspicion in the 
minds of the Committee when the indentures were pie^ 
Rented ; and which ended, and that -rery properly, 
entire discomfltare, I mention these things to showj 
what straits wo were driven ; and for years aftei 
heartily repented of this improper attempt at deceptii 
For although the junta of workmen had no right to impose 
i-estrictions upon our free labour, yet I could nevei' justiiy 
tho attempt we made to enter the Society under false pre- 
tences. But, be this as it may, when the day of trial 
arrived we were at once declared illegitimate, and sent 
adrift to seek our fortunes elsewhere. And thus ended our 
first attempt at the great metropolis." 

Their first application for leave to work, in 
having thus disastrously ended, the two youths deter 
to tiy their fortune in the country, and with ach 
hearts they started nest morning before daylight. 
liopcs had been sodUenly crushed, their slender 
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aarly exhawstod, and tfaoy soarco knew where to 
But thoy Bot their ^loes bravely nortliwai-d, and 
poshed along the high road, through eloeh and enow, rm 

r OB Hertford, which they reached aft«v nearly eight 

hub' walking, on the moderate fare during their journey 
a penny roll and a pint of ale eaoh. Though wet to tho 

in, they immediatoly sought out a master millwright, 
■nd applied for work. He said he had uo job vacant at 
^«eeut i but, seeing tbeir sorry plight, he had compaBsiun 
npon. them, and said, " Though I cannot give you employ- 
ment, you seem to be two nioe lads;" and he concluded 
ly offering rairbairu a half-crown. But his proud spirit 
MTolted at taking money which he had not earned ; and 
declined the proffered gift with thanka, saying he was 
jMny they could not have work. He then turned away 
^m the door, on which his companion, mortified by hia 
mfuEHkl to accept the half-oro\vn at a time when they woi-o 
]«daced almost to their last ponny, broke out in bitter 
temonBtrancea and regrets. Weary, wet, and diahearteBod, 
the two turned into Hertford churchyard, and rested for a 
whale upon a tombstone, Fairbairn'a companion relieving 
himself by a good cry, and occasional angry outburete of 

Why didn't you take the half-crown?" "Come, come, 
jnoD I " Baid Fairbaim, " it's of no use crying ; cheer up ; 
let's try another road ; something must soon cast up." 
They rose and sot out again, but when they reached the 
bridge, the dispirited youth again broke down ; and, leaning 
back against the parapet, said, "I winna gang a bit 
farther; let's get back fo London." Against this Fair- 
Imm remonatratel, saying, " It's of no use lamenting ; wo 
must try what we can do here ; if the worst comes lo the 
worst, we can 'list; you are a strong chap — they'll soon 
take yon ; and aa for mo, I'll join too ; I think I could 
Jtght a bit." After this council of war, the pair deter- 
mined to find lodgings in the town for the night, and 
^Wgin lheir search for work anew on tho morrow. 

Next day when pawing along one of the back streetB of 
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Hertford, they came to a wheelwright's shop, where they 
niftd(> the usual enquiries. The wheelwright said that he 
did not think there was any job to be bad in the town ; but 
if the two young men pushed on f o Cheshunt, he thought 
they might find work at a wiudraill whioh was under 
oontraot to be finished in three weeks, and where the mill- 
wright wanted hands. Here was a glimpse of hope at 
last ; and the strength and spirits of both revived in au 
instant. They set out immedial«]y ; walked the seven 
miles to Cheshunt; succeeded in obtaining the expected 
eraploymeut ; worked at the job a fortnight ; and entered 
London again with nearly three pouudii in their pockets. 

Our young millwright at leugth succeeded in obtaii 
regular employment in the metropolis at good wages, 
worked first at Grundy's Patent Ropery at Shadwell, an3 
afterwards at Mr. Ponn's of Greenwich, gaining much 
valuable insight, and sedulously improving hia mind by 
study in his leisure hours. Among the acqaaintaiicea he 
there made was an enthnsiastic projector of the name of 
Hull, who had taken out one patent for making hemp from 
^an-stalks, and contemplated taking out another for efiect- 
ng spade tillage by steam. The young engineer was 
invited to make the requisite model, which he did, and it 
coat him both time and money, which the out-at-elbowa 
projector was unable to repay; and all that came of the 
project was the exhibition of the model at the Society of 
Arts and before the Board of Agriculture, in whose collec- 
tion it is probably still to be found. Another more buc- 
ocssful machine, conBtniofced by Mr. Fairbaim about the 
same time, was a sausage-chopping machine, which ho 
contrived and made for a pork bulcher for 331. It wiis the 
first Older he had ever had on his own account; and, an 
the machine when made did its work admirably, he was 
naturally very proud of it. The machine was provided 
with a fly-wheel and double crank, with connecting 
which worked a cross head. It contained a dozeu knli 
orobBing each other at right angles in such a way 
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enable them to mince or divide tlio meat on u levolring 
block. Another part of the apparatus accomplished the 
fiUing of the sausages in a very expert manner, to the 
entire Eatisfaction of the pork- butcher. 

As work was scarce in London at the time, and our 
engineer was bent on gathering further experience in hia 
trade, he determined to make a tour in the South of 
England anil South \V alee ; and set out from London in 
April 1813 with 71. in his pocket. After visiting Bath 
and Frome, he settled to work for six weeks at Bathgate ; 
after which he traTclled hy Eradfoid anil Trowbridge — 
always on foot— to Bristol. From thence he Iravelled 
throtigh South Wales, spending a few days each at New- 
port, Llaudaff, and Cardiff, where ho took ship for Dublin. 
By the time he reached Ireland his means were all but 
exhausted, only three-halfpence remaining in his pookot; 
but, beiug young, hopeful, skilful, and industrious, he was 
light of heart, and looked cheerfully forward. The next 
day he succeeded in finding emploj'ment at Mr, Eobin- 
son's, of the Phconii Foundry, where he was put to work 
at once upon a set of pattemn for some nail-machinery. 
ySi: Bobinson was a man of spirit and enterprise, and, 
Beeing tbe quantities of English machine-made nails 
imported into Troland, he waa desirous of giving Irish 
industry the benefit of the maniifaclure. The coosttaction 
of the nail-making machinery occupied Mr. Fairbaim the 
entire summer; and on its completion he sot sail in the 
month of Octuljer fur Liverpool. It may be added, that, 
not withstanding the expense incurred by Mr, lEobinson in 
setting up tlie new nail- machinery, his workmen thieateneii 
him with a strike if he ventured to uso it. As he coulil 
not brave the opposition of the Unioniuls, then all-powerful 
in Dublin, the machinery was never set to work ; the naib 
making irade left Ireland, never to return ; and the Irish 
market was thenceforward supplied entirely with Eoglish- 
nade nails. The Dublin iron-manufactute-*' ji ruined in 
the Bomeway; not through anylooaj,'' .^vantages, bat 
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enforced bj' ti 



mIcIv by tbe prohibitory regaUtio 
woiktnen of the Trades' UnioiiB. 

Airived &t Liverpool, after a voyage of two days— 
w»s then congiileretl a fair pasaaga — our eagineer [ 
weded to Hauolieater, whioh bad already become the pi 
cipal centre of mannfactaring operations in the NortI 
England. As we b;ive already seen in t 
Nitsmyth, Boberts, and 'Whitworth, Manchester < 
gnat attractions for liig;hiy skilled mt'obanics ; and il 
Its furtonatc for Mancbester as for William Fairba 
hlmaelf that he settled down there a» a working t 
Wright in the year 1814, bringing with him m 
bnt an abundance of energy, skill, and practical o: 
in hie trade. Afterwards desoribing the charaoteristiat 
the Biillwright of that time, Mr. Fairbairn said — " In ti 
daj-B a good millwright was a man of large rosonroes; i 
was generally wi'll-educatod, and conid draw out his a 
de»igD8 and work at the lathe; he hod a knowlodgfrj 
mill macfainory, pnmpe, and cranes, and oould ttim | 
iiruid to the bench or the forge with equal adroitness a 
facility. If hiird pressed, as was frequently the c 
country places fiir from towns, he coiild devise for 1 
osi>edientB which enabled him to meet special requi 
mente, and to complete his work without assistance. ~ 
was the class of men with whom I associated ia 
life — proud of their calling, fertile in resources, and awi 
of their value in a oounti-y where the industrial arts m 
rapidly developing."* 

When William Padrbaim entered Manchester ho i 
twenty-four years of age ; and his hat still " coTered 1 
family," But, being now pretty well satiated with 1 
'• wanderschaft," — as German tradesmen term their st^ 
of travelling in seuruh of trade experience, — he desired lo 
settle, and, if foi-tnne favoured him, to marry the object of 
his affections, to whom his heart still faithfully turi 
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, _ -ing all Lie wanderings. He sucooeded in fiodbig em- 
piloyment with Mr. Adam Parkineou, remaining with him 
Cor tw^o years, working as a millwright, at good wages. 
iOnt cif hia earnings ho saved sufficiont to famish a two- 
omed cottage comfoi-talily ; and there we find hiia fairly 
lied with his wife by the end of 1816. As in the 
Be of most men of a thonghtfal turn, waiiiage served not 
iy to settle our engineer, bnt to stimulate him to more 
Lergetic action. He now began to aim at Inking a higher 
leitioQ, and entertained the ambition of beginning bui^i- 
)Bs on. his own account. One uf his first efforts in this 
was the preparation of the design of a cast-iron 
idgo over the Irwell, at BiackfriaiK, for which a prize 
offered. The attempt waa imsuecessful, and a slono 
go was eventually decided on ; but the effort mado 
creditable, and proved the beginning of many designs. 
first job he executed on hia own account was the 
eotion of an iron conservatory and hothouse for Mr. J, 
nlme, of Clayton, near Mancheater ; and he induced on* 
' Ms ehopmates, James Lillie, to join him in the under- 
ling. This proved the beginning of a bnsinoRS conneo- 
ya which lasted for a period of fifteen years, and laid the 
nndation of a partnership, the reputation of which, in 
onneotion with mill-work and the construction of iron 
Biiohinery generally, eventually became known all over 
i6 civilized world. 

Althongh the patterns for the conservatory wore all 
ttuide, and the eastings were begun, the work was not pro- 
Oeedsd with, in consequence of the notice given by a Bir- 
fltaingham firm that the plan after which it was proposed 
to constract it was an infringement of their patent. The 
*ftniag firm were consequently under the necessity of loot- 
ling about them for other employment. And to be pro- 
pared for executing orders, they proceeded in the year 
5617 to hire a small shod at a rout of 1 2s. a week, in which 
Ihey set up a lathe of their own making, capable of tarn 
ihafis iif from ;i fo [1 iuflir.'i diaiin-tn?' ; ant' Ihey hired a 
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stniog IristuDAa todiive Ute wheel «ad axist ai tLe bflsr; 
work. Tbeir first job was the erection of & CBUender, md 
their next a calico-pciliahuig machine ; bat ocden cams in 
slowly, and Jamee Liliie began to despair of snoces, Hii 
more hopeful partner strenDoasI^ ni^ed him to pene- 
Terance, and bo hnoyed him ap with hopes of orders, tint 
be determined to gu on a little longer. Thej then issDed 
f»rdd among the manufacturers, and made a tonx of &9 
principal firms, afiering their services and soliciting work. 
Amongst others. Mr. Fairbaim called npoQ the lAeeen. 
Adam nml George Murray, the large ootton-spinnere, taking 
with liim the designs of his iron bridge. Mr. George 
Marrny reoeived him kindly, beard his expIanationB, tod 
invited him to call on the following day with his partner. 
The manafacturer must have been favourably impressed 
by Ihis intemew, for next day, when Fairbaim and Lillia 
called, he took them over his mill, and asked whether they 
felt tbemselTes competent to renew with horizontal ctob»- 
shaftM the whole of the work by which the male-spinning 
machinery was turned. This was a formidable enterprise 
for a young iiim withont capital and almost without plant 
to undertake ; but they bad confidence in themselves, and 
boldly replied that they were willing and able to execnle 
the work. On this, Mr. Mnrray said he would call and see 
them at their own workshop, to satisfy himself that they 
possessed the means of undertaking such an order. This 
proposal was by no means encouraging to the paiiners, 
■who feared that when Mi\ Mnrray spied the " nakedness o( 
the land" in that quarter, he might repent him of his 
generous intentions, Ho paid his promised visit, and it is 
probable that ho was more favourably impressed by the 
individual merits of the partners than by the excellence ot 
thuir machine-tools — of which they had only one, the lathe 
which they had just made and set up ; nevertheless he 
gave them the order, and they began with glad hearts and 
willing hands and minds to oxeonto this their first couti act. 
It may be sufficient tj state that by working late and 
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■ly — from 5 in the morning until 9 at night for a con- 

idorable period — they Bncceeded in oompleting the altera- 

within the time specified, and to Mr. Murray's entire 

ktiflfaotion. The practical ekill of the young men being 

proved, and their anxiety to execute the work en- 

ited to them to the best of their ability baving excited 

admiration of their ewplojer, ho took the opportunity 

recommending thotn to bis friends in the trade, and 
amongHt others to Mr. John Kennedy, of the firm of 
MaoOonnol and Kennedy, then tlie largest spinners in the 
kingdom. 

The Cotton Trade had by this time sprung into great im- 
portance, and was increasing with extraoidiaary rapidity, 
ropulation and wealth were pouring into S'luth Lanca- 
shire, and industry and enterprise were everywhere on foot. 
Tbe foundations were being laid of a system of manu- 
fncturing In iron, roachinery, and textile fabrics of nearly 
all kinds, the like of which has perliaps never been sur- 
passed in any country. It was a race of industry, in which 
the prizea were won by tbe swift, the strong, and tbe 
akilled. For the most part, the early Lancasbire manu- 
fiicturers started very nearly equal in point of worldly 
oircumstanceB, men originally of tbe smallest moans often 
Ooming to the front — workmen, weavers, meohanics, pedlera, 
&rmers, or labourers — in course of time rearing immense 
manufacturing concerns by sheer force of industry, energy, 
and personal ability. The description given by one of 
the largest employers in Lancashire, of the capital with 
iriiioh he started, might apply to many of them : " When I 
linarriedj" said he, "my wife had a spinning- wheel, and 

had a loom — that was the beginning of our fortune." 
As an illustration of the rapid rise of Manchester men from 
nnall beginnings, the following mitline of John Kennedy's 
intimately connected as be was with the subject of 
OUT memoir — may not be without interest in this place. 

John Kennedy was one of five young men of nearly 
the same ago, who oame from the same neiglibuiirh<iod io 
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Beotland, (imJ cventiwlly eettlod in ManclioBlor ob cottoib 
epinaera about the end of last century. Thu otlierBwar* 
hia brother James, hh partner James MacGoimel, and 
tlio brothers Murray, above rafetred io — Mr. Fairbaim's 
first extensive employors. Johii Kennedy's parents were 
■very worthy persons, poBsessed of a emsdl lairdship st 
Knocknalling, in the stoivartry of Kirkcndbright, on which 
they contrived to live, and that was all. John was one 
of a family of five sons and two daughters, and the fatbei 
dying early, the responsibility and the toil of bringing 
up these rJiildren devolved upon the mother. She was 
a strict disciplinarian, and early improaaed upon tho minds 
of her boys that they had their own way to make in tho 
■world. One of the first tldngs aho made them think about 
was, the learning of some naeful trade for the purpose uf 
securing an independent living ; " for," eaii she, " if you 
have gotten mechanical nkill and intelligenoe, and are 
honest and trustworthy, you will always find employment 
and be ready to avail yOflrselvos of opportnnitiea for ad- 
vanoing yourselves in life." Though the mother desired 
to give her sons the benefits of school education, there waR 
but little of that commodity to be had in tho remote 
district of Knocknalling. The parish-school was six miles 
distant, and the teaching given in it was of a very inferior 
sort — usually adrainistered by students, probationers for 
the ministry, or by half-fledged dominies, themselves more 
needing instraotioo than able to impart it. Tha Kennedys 
conld only attend tho school during a few months in 
fiumnior-timo, so that what they had acquired by the cud 
of one season wa-s often forgotten by the beginning of the 
next. They learnt, however, to read the Testament, say 
their catechism, and write their own names. 

As the children grew ap, they each longed for iJio time 
to como wlien thoy could bo put to a trade. The family 
were ponrly clad ; stockings and shoes were luxnries rarely 
indulged in ; and Mr. Kennedy used in after-life to t«ll hia 
gnmdchildren of a certain Sunday which he remembered 
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ahortlj after Ma father died, when ho was sotting out for 
Dairy church, and had borrowed his brother Alexander's 
itockings, hie brother ran after him and cried, "Seo that 
roa keep out of tho dirt, for mind you have got my 
jBtockings on ! " John indulged in many day-dreams about 
the world that lay beyond the valley and the mountain! 
■which surrounded the place of Lis birth. Though a mere 
Twy, the natural objeota, eternally unchangeable, which 
.daily met hia eyos — the profound silence of the scene, 
Jroken only by the bleating of a solitary sheep, or the 
"crowing of a distant cock, or the thrasher heating out with 
hie flail the scanty grain of the black oats spread upon a 
bMh in the open air, or the streamleta leaping Irom ihe 
rocky clefts, or the distant church-boll sounding up tho 
valley on Sundays— all bred in his mind a profound 
pielanoholy and feeling of loneliness, iind he used to thiuk 
io himself, " What can I do to see and know something 
,of the world beyond this?" The greatest pleasure he 
oxperiecced during that period was when packmen came 
round with their stores of clothing and hardware, and dis- 
played them for sale; be eagerly listened to all that such 
.visitors had to tell of the ongoings of the world beyond 
the valloy. 

The people of the Knocknalling district were very poor. 
The greater part of tbera were unable to support the 
, younger members, whose castom it was to move off else- 
, where in search of a living when they arrived at working 
years, — some to America, Bome to tbe West Indies, and 
gome to the manufacturing districts of the Rontb, Whole 
families look their departure in this way, and the few 
.'friendehips wbich Kennedy formed amongst those of his 
own age were thus suddenly snapped, and only a great 
blank remainod. But be too could follow their example, 
and enter upon that wider world in which so many others 
,bad ventured and succeeded. As early as eight years of 
,sge. his mother still impressing upon her hoys the necessity 
rf learning to work, John gathered courage to say to her 
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what others knew, and was always ready to oommimicat* 
what little I knew myself; and by admitting at once my 
want of education, I found that I often made &ienda of 
those on whom I bad no claimB beyond what an ardent 
desire for knowledge oonld give me." 

His apprenticeship over, John Kennedy oommenced 
liTtsiaess* in a small way in Slanohester in 1791, in con- 
junction with two other workmen, Sandford and MacConneL 
Their business was maobine-making and mulo-spinnicg, 
Kennedy taking the direction of the machine deparlmont. 
The firm at first put np their mules for spinning in any 
convenient garrete they could hire at a low rental. Afioi 
some time, they took part of a small factoiy in Canal Street, 
and carried on their buainesa on a larger scale. Kennedy 
and MacConnel afterwards occupied a little factory in the 
same street, — since remoTed to give place to Fairbaim's 
large machine works. The progress of the firm was steady 
and even rapid, and they went on building mills and 
extending their business — Mr. Kennedy, as he advanced 
in life, gathering honour, wealth, and troops of friends, 
notwithstanding the defects of his early education, he 
was one of the few men of his class who became dis- 
tinguished for his literary labours in connexion principally 
with the cotton trade. Towards the close of his life, be 
prepared several papers of great interest for the Literary 
and PhiloBophioal Society of Manohesfer, which are to be 
found printed in their Proceedings ; one of these, on the 
Invention of the Mule by Samuel Crompton, waa for a 
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Kennedy thus earlj to begin Che buoi'- 
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long tima the only reoord which the public posBessed of 
the merits aad olaintB of that distinguished inventor. HiB 
knowledge of the history of the cotton manufacture in ita 
variou§ stages, and of meohanical inventions generally, waa 
moat extensive and accurate. Among his frieods he num- 
bered JamoB Watt, who placed hia son in his eetafalishment 
for the pnrpose of acquiring knowledge and experience 
of. his profession. At a much later period he numbered 
Qeorge Stephenson among hie friends, having been one 
of the first directors of the Liverpool and Alanohester 
Hculway, and one of the tiiree judges (seJeoted because of 
Ms Goand judgment and proved impartiality, as well as bis 
knowledge of meohanioal engineering) to adjudicate on 
the celebrated competition of locomotives at Bainhill. By 
these saccessive steps did the self-helping youth become 
one of the leading men of MancliBster, closing his long and 
useful life in 1355 at an advanced age, his mental faculties 
remaining clear and unclouded to the last. His departure 
from life was happy and tranquil — so easy that it was for 
a time doubtful whether he was dead or asleep. 

To return to Mr. Fairbaim's career, and his progress as 
a millwright and engineer in Manchester. When he and 
bis partner undertook the extensive alterations in Mr. 
Murray's ^tory, both were in a g^reat measure unao- 
qoaioted with the working of cotton-mills, having until 
ttien been occupied principally with corn-mills, and print- 
ing and bleaching works; so that an entirely new field 
waa now opened to their united exertions. Sedulously 
improving their opportunities, the young partners not 
only thoroughly mastered the practical details of ootton- 
mill work, but they were very shortly enabled to introduce 
a series of improvements of the greatest importance in 
this branch of our national manufactures. Bringing their 
vigorous practical minds to bear on the subject, they at 
once saw that the gearing of even the best mills was of 
a very clumsy and imperfect character. They found the 
jaaohinery driven by large square cast-iron shafts, on whji.h 
T 2 
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huge woodea druniE, some of ibaa as mnob as fonT feet . 
in diameter, revolved at the rate of about forty revote-J 
tions a miaute ; and the coapliags were so Itadly fitttljl 
that they might be heard creaking aod loaning a loBCl 
way off. The speeds of the driving-shafts were i 
got up by a eeriea of straps and counter dmmB, whidj^ 
not only crowded the rooms, but seriouKly obstrucfed del 
light where most required for conducting the delicate 
operations of the different machines. Another eeriona 
defect lay in the conatruotion of tie shaft*, and in tie 
mode of fixing the couplings, which were oonstautlr 
giving way, so that a week eeldom passed without ono 
or more breaks-down. The repairs were usually madB 
on Sundays, which were the millwrights' hardest work- 
ing days, to their own serious moral detriment; but 
when trade was good, every consideration was made to 
give way to the uninterrupted running of the mills during 
the loet of the week. 

It ooourred to Mr. Fairbairn that the defective arrange- 
ments thus briefly described, might he remedied by the 
introduction of lighter shafts driven at double or treble 
the velocity, smaller drums to drive the machinery, and 
the use of wrought-iron wherever practicable, because of 
its greater lightness and strength compared with cast irwi 
and wood. He also simplified the hangers and fixings by"' 
which the shafting was supported, and introdaced \hn 
"lialf-lap coupling" so well known to millwrights a 
engineers. His partner entered fully into h' 
the opportunity shortly presented itself of carrying then 
into efi'ect in the large new mill erected in 1818, for f 
firm of MacConnel and Kennedy. The machinery o 
concern proved a great improvement on all that had pnj 
ceded it ; and, to Messrs. Fairbairn and Lillio'a 
of gearing Mr. Kennedy added an original invention of ^ 
a system of doable speeds, with the object of givti 
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"The services which we had rondered," e&ya Mr. Fair- 
bairn in the Memoir which he aupplied to the autlior in 
1863, "ftnd the improvements which we had introduced, 
uaused as to be muob talked of as good millwrighta and 
ingenious yonng men. Our biiainees inureased amazingly, 
and a lai^e cellar under a factory was added to the shop. 
I was designer, draughtsman, and bookkeeper ; and in older 
to meet all the requirements of the concern, and keep Mr. 
Lillia's department, which waa in the shop, constantly 
going, I had to rise with the sun in anmrner, and some 
hours before it in winter, in order to make the entries and 
post the books before breakfast. For the remainder of the 
day, I had either to draw out the work, or to ride some 
fifteen or twenty miles on a hired back to confer with mill- 
owners, take dimensions, and arrange the plans in which 
proposed works were to be executed. This would often 
occupy a whole day, and what with the early rising, 
BUTveys of wateroourseB and mills, and a long rough ride, 
1 waa nsuaUy ready enough for my bed at night. . . . 
Four or five years passed in this manner ; and though we 
were always short of money, and bad to work from hand 
to mouth, we were notwithstanding in a prosperous way 
of businesB. Our tools were increasing in number ; new 
patterns were made ; and, at the end of five years, we 
found ourselves (in value of materials, stock, and tools) 
worth about 6000(." 

The satisfactory execution of Mr. Kennedy's work at 
once placed the firm of Fairbaim and Lillie in the very 
front rank of engineering millwrights. Mr. Kennedy's 
good word was of itself a passport to fame and business, 
and as he was more than satisfied with the manner in 
which his mill machinery had been planned and executed, 
ho sounded their praises in all quarters. Orders poured 
in npon them so rapidly, that they had difficulty in keeping 
pace with the demands of the trade. They then removed 
from their original shed to larger premises in Mather- 
itreet, where they erected additional lathes and other tool 
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!■ A* BenirikaB Ai iad«ti7 i< IbnAMtv and tb« 
aei^ilM^ikDod, tfaroa^ iHnek dn fam bid riMB sad pn»- 
pend. WM mat na^Mtod, bat b^t the Ml bevfit «f tbe 
TMKUM in p roTt a ngiJa whkh Aey i wr n mttodaeii^ in luU 
noAchinay. la tin eoorM of * few jeus an atfinB reToln- 
tioa was e&ctad in tbe gearing. Poadeiaas maaees of 
tinber ai>d caat-iron, wilb tbeir eDonnonB bearings and 
eooplinga, gave pUce to tJender rods of wioi^t'^roa and 
liglit framcB or hooks by which they were soBpended. In 
like manner, lighter yet stronger wfae«ls and potleya were 
iiitrodaoed, the whole arrangeraentB were improved, and, 
the workmaHship being greatly mora accurate, friction was 
avoided, wbile the epeed was increased &om about 40 to 
npwardii of 300 revolotioiiB a minnte. The fly-wheel of 
the engine waa also converted into a first motion by the 
formalion of teeth on its periphery, by which a consider- 
able saving waa effected both in cost and power. 

Thcae great improvementa formed quite an era in the 
biiitory of mill machinery ; and exercised the moat im- 
jNirtaiit influence :in the development of the cotton, flair 
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BJlk, and other bioacbes of mauafactoFe. Mr. Fairbaim 
Bajs the syatem introduoed hy his fiTm was at first strongly 
condemned by leading engineers, and it was with difficulty 
that he oould overcome the force of their opposition ; nor 
waa it until a wheel of thirty tons weight for a pair of 
engines of 100-horse power each was erected and set to 
work, that their prt^nostications of failure entirely coBSod. 
From that time the piinciplea introduced by Mr. Fairbairn 
have been adopted wherever eteam is employed oa a motive 
power in mills. 

Mr. Fairbairn and his partner had a hard uphill battle 
to fight while these improvements were being introduced ; 
but energy and perseverance, guided by sound judgment, 
seoured their usual reward, and the firm became known as 
one of the moat thrivii^ and enterprising in Manchester, 
Xiong years after, when addressing an assembly of working 
men, Mr, Fairbairn, while urging the necessity of labour 
and application as the only sure means of self-improve- 
ment, said, " I can tell you Irom experience, that there is 
no labour so sweet, none so consolatory, as that which is 
founded upon an honest, straightforward, and honourable 
ambition." The history of any proaperous business, how- 
ever, so closely resembles every other, and its details are 
usually of so monotonous a character, that it is unneoessury 
for us to pursue this part of the subject; and we will 
content ourselves with briefly indicating the several furthei 
improvements introduced by Mr. Fairbairn in the me- 
chanics of construction in the course of bis long and useful 
career. 

His improvements in water-wheels were of great value, 
especially as regarded the new form of bucket which he 
introduced with the object of facilitating the escape of 
the air as the water entered the bucket above, and its 
readmission aa the water emptied itself out below. This 
arraDgement enabled the water to act upon the wheel 
with the maximum of effect in all states of the river; 
ud it so generally recommended itself, that it very soon 
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beconiQ adopted iu most water-mills both at home and 
abroad.' 

His labours were not, however, oonfined to hia own par- 
tioalar calling as a mill ongineeT, but were shortly directed 
to other equally important branohoa of the construotiTo 
art. Thus he was among the first to direct hia attention 
to iron shipbuilding as a special branch of basinesB. In 
1829, Mr. Houston, of JohnatowB, near Paisley, launahed^ 
a light boat on the Ardrossan Canal for the purpose 
ascertaining the speed at which it could be towed 
horses with two or three persona on board. To the 
prise of Mr. Houston and the other gentlemen present, 
waa found that the labour the horses had to perform in 
towing the boat wub much greater at sis or seven, than at 
nine miles an honr. This anomaly was very puzzling to 
the expetimenlers, and at the request of the Council of the 
Forth and Clyde Canal, Mr. Tairbaim, who had already 
become extensively known as a scieatifio mechanic, was 
requested to visit Scotland and institute a series of experi- 
ments with light boats to determine the law of traction, 
and clear up, if possible, the apparent anomalies in Mr. 
Houston's experiments. This he did accordingly, and the 
i-esulta of his experiments were afterwards published. The 
trials extended over a series of years, and were coadncted 
at a cost of several thonsand pounds. The first experi- 
ments were made with vessels of wood, but they eventually 
led to the constniction of iron veasois upon a large scale 
and on an entirely new principle of construction, with 
angle iron ribs and wrought-iron sheathing plates. The 
results proved most valuable, and had the effect of specially 
directing the attention of naral engineers to the employ- 
ment of iron in shipbuilding. 

Mr. Fairbaim himself fully recognised the value of 
experiments, and proceeded to constmot an iron t< 
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Kt his works at Manchester, in 1831, which went to sea the 
same year. Its sucoesa was such aa to induoe him to b^in 
ii'on aliipbiiildiiig ou a large Hoale, at the same time as the 
MsBBrB. liaird did at Birkenhead; and in 18^5, Mr. Fair- 
buira eHtabliBhed extensive works at Millwall, on the 
Tbamee, — afterwards occupied by Mr. Scott Eussell, in 
whose yard the " Great Eafitem " steamship was erected,— 
■where in the course of some fourteen years he built up- 
wards of a hundred and twenty iron ehipa, some of them 
above 2000 tons burden. It was in fact tho first great 
iron ship-building yard in Britain, and led the way in a 
branch of business which has since become of first-i'ate 
magnitude and importance. Mr. Fairbaim was a most 
laborious experimenter in iron, and investigated in great 
detail the subject of its strength, the value of different 
kinds of riveted joints compared with the solid plate, and 
the distribution of the material throughout the structure, 
as well as the form of the vessel itself. It would indeed 
be difGcutt to ovei-estimate the value of hia investigatioDs 
on these points in the earlier stages of this now highly 
important branch of the national industry. 

To facilitate the manufacture of hia iron-eided ships, 
Mr. Fairbaim, about the year 1839, invented a machine 
for riveting boiler plates by steam-power. The usual 
method by which this process had before been executed 
vfOB by hand-hammers, worked by men placed at each side 
of the plate to be riveted, acting simultaneously on both 
eides of the bolt. But this process was tedious and ex- 
pensive, as well as clumsy and imperfect; and some more 
rapid and precise method of fixing the plates firmly 
together was urgently wanted, Mr. Fairbaim's machine 
completely supplied the want. By its means the rivet was 
driven into its place, and firmly fastened there by com- 
pression and a couple of strokes impelled by steam. Aided 
by the Jaoquard punching-maohine of Roberts, the riveting 
of plates of the largest size has thus become one of Ihs 
t operationa in iron-manufacturing. 




Tbfl tboroogh knowledge wbich Mr. Fairbaim posseesed 
of tha strengtli of wroagh.t-irOD in the form of the hollow 
beam (which a wroaght-Iron ship really is) naturally led 
to hia being ooiualted bj the late Bobert Stephenson aa to 
the Btrnctnree by means of which it was proposed to span the 
eatuary of the Conway and the Straits of Menai ; and the 
reatdt was the Conway and Britannia Tubular Bridges, the 
history of which we have fully described elsewhere." 
There is no reason to doubt that by far the largest share d 
the merit of working out the practioal details of those 
straotures, and thus realizing Bobert Stephenson's magni- 
ficent idea of the tubular bridge, belongs to Mr. Fairbairn. 

Be natnrally felt somewhat sore at being so much ignored 
in the publications of the day, relative to his practical ex- 
periments as to the strength of tabular iron. " I have had 
to encounter," he said, " a great deal of difSculty in con- 
tending for position against a host of wiser and better 
educated persons than myself. ... I have been reading 
the ' Life of Robert Stephenson ;' but I am totally at a loss 
to understand how public men can write and peraist in the 
distortion of facts. I can easily conceive that the authors 
would give the host colouring possible to the hero of their 
tale. But there is such a thing as truth ; and to give the 
whole merit, not only of a tube hung in chaiiu, but uleu the 
experiments on the strength of tubular iron, and every- 
thing else, to Mr. St«phenson, is not correct. In fact he 
never nnderstuod the principle of the tubular bridge until 
the Conway bad been finished i and he never saw the ex- 
periments but in two hurried visits to MillwalL So much 
fur the accuracy of the book. It seems to have been got 
up for the praise of Stephenson and his school j— claiming 
the merit of a great discoTery, to which they have not tl 
■hadow of a title, beyond a very crude idea of a wrouj^ 
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BiiBpended cylinder, whioh I afterwards proved t 
lueleBs.* 

In all matters oonuooted witli the qualities and streogtli 
of iruii, be came to be regarded as a first-rate authority, 
and his advice was often sought and highly valued. The 
elaborate esperiments instituted by him ae to the strength 
of iron of all kinds have formed the subject of various 
[lapera trhich he has ri^ad before the British Association, the 
Guyal Society, and the Literary and Philosophical Society 
of Manchester. His practical inquiries as to the strength 
of boilers have led to his being frequently called upon to 
investigate the causes of boiler explosions, on which sub- 
ject he has published many elaborate reports. The 
study of this subject led him to elucidote the law ac- 
cording to which the density of steam varies througliout 
an extensive range of pressures and atmoepheree, — in sin- 
gular confirmation of what had before been provisionally 
caloulated from the mechanical tlieory of heat. His dis- 
covery of the true method of preventing the tendency of 
tubes to collapse, by dividing the flues of long boilers into 
sitort lengths by means of stifTomug riugs, anting out ot 
the same investigation, was one of the valuable results ot 
his minute study of the subject ; and is calculated to be ot 
essential value in the manufactimng districts bydiminieii- 
ing the chances of boiler explosions, and saving the lament- 
able loss of life which has during the last twenty years 
been occasioned by the malconstruotion of boilers.f Among 
Mr. Pairbaim's most recent inquiries are those conducted 
l>y him at the instance of the British Government relative 
to the construction of iron-plated ships, his report of which 
has not yet been made public, most probably for weighty 
political reasons. 



* Letl«r to tbe Aathar, Dec. lat, 
1864. 

f Thas reporu, and his constant 
ftdvocBcj of careful puriodical ii^pec- 



erEiplcHJ 



flniXIAM FAIBBAIEN. 



(^AP.Sn 1 



Wo might also refer to the practical improvements whioh I 
Mr. Fairbaim ha^ been instrtunental in iatrodacing in the 
ooDBtruotion of buildinge of yarious kinds hj the dm or 
iron. He has himself eieoted nnmeiouB iron structaros, |, 
and pointed out tlio road which other manufaoturera have 
readily followed. " I am one of those," said he, in hia 
■ Lecture on the Progress of Engineering,' " who have great 
faith in iron walls and iron beams ; and althongh I haye ' 
both spoken and written much on the subject, I cannot too 1 
forcibly recommend it to public attention. It is now 
twenty years since I constructed an iron house, with the 
machinery of a corn-miU, for Halil Pasha, then Seraakier 
of the Turkish army at Constantinople. I believe it was 
the firet iron-housa built in this country; and it was con- 
structed at the works at Millwall, London, in 1S39."* 

Since then iron structures of all kinds have been erected ; 
iron lighthouses, iron-and- crystal palaces, iron churchea, 
and iron bridges. Iron roads have long been worked hy 
iron locomotives ; and before many years have passed a tele- 
graph of iron wire will probably be found ciroling the globe.f 
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tDgineer, he 
vrlter. Hii paptn oa IroD, read at 
dlfiinst times before Ihs British As- 
Kxnatioii, the RovbI Society, sod the 
LiterBry and Philosophical iDEtiUitioa 
of MancheEler, are of great Talue. The 
treatiM oD "Iroa " in the Enayclopixilia 
Sritaimlaa a from his pen, and he has 
contributed a highly inleresting paper 
ta Dr. Scoffem'B CieyW Melals avd 
thar Alloys on the AppllratiDnof Irtm 
to the puipusee n f Ordn ance,UachiDery, 
Bridges, and Honse and Ship Building. 
Another Taluable but less-liaowa con- 
tribution to Iron literature if hie Report 
ou Machinery in General, publiihed ia 
the Reports on the Farii Unmnat 



purpose of proving the emellent pro- 
pei-liea of iron for shipbuilding — the 
■ooouut uf which wu publiebcd in Uie 
JFVaniiidNMi of thi Boyal Sacitli/ — 
eveotnally led to hii further eiperi- 
tdMita to detennine the strength «nd 
form of the Britannia and Conway 
Tubular BridgFfl, pla1«-girderfl, and 
other constructions, the reifult of vhicil 
was to eatabliih quite ■ ueiv era io 
the history of bridge as well as ship 
building. 

t This paSBga ms published in 
1863. Since then, tel^rsphs hsTe 
been eatnbilsheJ la erery directinu: 
and the above piopbecj has been ampif 
fuiailed. 

To the aboTB brief account of Mr. 
Fairbaim'a life, it may be added that 
Her Majesty, through Mr. OladMoiM^ 
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Ve now use iron roofs, iron bedsteade, iron ropes, and iron 
pavement; and even the famous "wooden walls of Eng- 
land " are rapidly becoming reconstructed of iron. In ehort 
we are in the midst of what Ur. Woraaae has characterized 
ae the Age of Iron, 

At the celebration of the opening of the North Wales 
Rail'way at Bangor, almost within sight of his iron bridge 
across the Straits of Menai, Robert Stepheneon said, " We 

fare daily producing from the bowels of the earth a raw 
material, in its crude slate apparently of no worth, but 
which, when converted into a Jocomotive engine, flies over 
bridges of the same material, with a speed exceeding that 
of the bird, advancing wealth and comfort throughout the 
oonntry. Such are the powers of that all-ciTilizing instrn- 
ment. Iron." 

Iron indeed plays a highly tmporfant part in modem 
civilization. Out of it are formed alike the sword and the 
plonghshare, the cannon and the printing-press ; and while 
oivilization continues partial and half-developed, as it still 
'{b, out liberties and onr industry muet necessarily in a 
great measure depend for their protection upon the eicel- 
jf onr weapons of war as well as on the superiori^ 
&£ our instrunients of peace. Hence the skill and inge- 
I unity displayed in the invontion of rifled guns and artil- 
lery, and iron-sided ships and batteries, the fabrication 
■of which wonld be impossible hut for the eitraordinaiy 

■ development of the iron -manufacture, and the marvellous 

■ power and precision of oar tool-making machines, as de- 
scribed in preceding chapters. 

" Our strength, wealth, and commerce," said Mr. Cobden 
jn the course of a recent debate in the House of Commons, 
"grow out of the slcilled labour of the men working in 
' I. They are at the foundation of onr manufactnring 

im B baroD^tey m 1869, which I cbttUr' bcttar.' Sir William dud on 
Iw gntefull<r aavfited, tbough (nt be the ISth of Auguit, tST-t, at tb( lif 
' ' ) ■ ftiend) '' he liked the old tfe of eighty-^va. 
■WilliuD Falriwra d1 Una- [ 
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grc<«tiieBB; and in case yon were attaclccd, they would at 
once be available, with their hard bands and skiUed liraina, 
to manufacture your mnakete and your oannoii, your shot 
and your shell What has given na our Aiinatronga, 
AVhilvrortha, and Fairbairns, but the free industry of tbii 
oonntry? If you can build three times mora steam-engin* 
than any other country, and have threefold the force ot 
mechanics, to whom and to what do you owe that, but to 
the men who have trained them, and to those principles of 
commerce out of which the wealth of the oomitry liaa 
grown? We who have some hand in doing that, are not 
ignorant tbat we have been and are increasing the atrength 
of the countrj- in proportion as we are raising up skilled 
artisana."* 

The reader who has followed ua up to this point will 
have observed that handicraft labour was the first stage of 
the development of human power, and that machinery has 
been its last and highest. The nnoivilized man began with 
a atone for a hammer, and a splinter of flint for a chisel, 
each stage of his prepress being marked by an improve- 
ment in his tools. Every machine calculated to save 
labour or increase production was a substantial addition to 
his power over the material resources of nature, enabling 
him to subjugate them more effectually to his -wants and 
11808 ; and every ejrtensjon of machinery has served to in- 
troduce new classes of the population to the enjoyment of 
Ob benefits. In early times the products of skilled in- 
duRtry were for the most part hixuries intended for the 
few, whereas now the most exquisite tools and engines aro 
employed in producing articles of ordinary consumption 
for the great mass of the community. Machines with 
inilliona of fingers work for millions of purchasers — for 
the pour as well as the rich; and while the machinery 
thus used enriches its owners, it no less enriches the pnblio 
with its products. 
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Much of the profcresa to which we have adverted has 
been the result of ilie skill and indastiy of our own time. 
"Indeed," says Mr. Fairbaim, "the meohanical operatioiiH 
of the present day could not have buen accomplished at 
any cost thirty years ago; and what was then oonsidered 
impossible is now performed with an exactitude that nuvcr 
fails to accomplish the end in view." For thia we are 
mainly indebted to the almost creative power of modem 
nutchine-toolR, and the facilities which they present for the 
production and reproduction of other machines. We also 
owe much to the meohanioal agencies employed to drive 
them. Early inventors yoked wind and water to sails and 
wheels, and made them work machinery of various kinds ; 
but modem inventors have availed themselves of the far 
moro swift and powerful, yet docile force of steam, which 
has now laid upon it the heaviest share of the burden of 
toil, and indeed become the universal drudge. Coal, water, 
and a little oil, are all that the steam-ongine, with its 
bowels of iroD and heart of fire, needs to enable it to go 
on working night and day, without rest or sleep. Yoked 
to machinery of almost infinite variety, the reBults of vast 
ingenuity and labour, the steam-engine pumps water, drives 
spindles, thrashes com, prints books, hammers iron, ploughs 
land, saws timber, drives piles, impels ships, works rail- 
I irays, excavates docks; and, in a word, asserts an almost 
I unbounded supremacy over the materials which enter into 
I the daily use of mankind, for clothing, for labonr, for de- 
I lenoe, for household parposes, for locomotion, for food, or 
I ibr inatrsotioo. 
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I. Weapobb akd iMPUtMESTB OF CopPEB, Bbobzb, and Ibo 

HoTwrniBTANniNO the opiniona of the Danish and Swiss antiquii- 
liaiiH, it is doublfal whether the age of Bronze always preceded th< 
age of Iron. la irott-prodnciDg cooatriea, iron would probably be tlia 
first metal used, as it is in Africa to this day. In other cuuntHes, 
producing iroa and copper, both metala would probably bo used. 

With reference to the note at page 3, Mr. Gladsttme has supplied 
ns with the following information: — "I know not whence Mr. 
Husbot obtains warrant enough for his very lucid propositioo, that 
& knowledge of the mixtures of tin, zino, and copper, seems to hava 
been amongst the earliest discoveries of the metallurgist. Docs he 
moan— what, indeed, HeeniB to be rather Commonly, but, is I think, 
rather erroneonsly assumed — that mixed inelals were used before 
pure ones? In Dr. Daniel "Wilson's work it seems to bo clearly 
shown that a proportion of the utensils which have been lumped 
together as ' bronze,' are really of copper only. Inquirers have not, 
as yet, made uee enough of the one great literary witness to the 
usages of a primitive age. Boubb belongs to a period between 
Stone on the one bacd and Iron on the other. With him the use 
of iron is just beginning. And it is, I think, very doubtful whether 
he knows anything of the mixture of metats, though he was 
familiar with the idea of fusing them. If his x/Ai"" means brome, 
then it is Eucely a strange fact that he has no word for coppiiT, 
which must have been a very common metal, while he baa a woni 
for iia, which was a very rare one, and of which he often mentions 
the single hnt never the compound use." 

The conclusion, therefore, to which Mr. Gladstone oomcs, eeemi 
to be this, that so far as our present information extends, copper 
was the staple material of the implements, utensils, and weapons, 
so far as they were metallic, of the ancient Greeks and Trojans. 
This view is confirmed by lie lal« Sir William Wylde, the celebrated 
Jjish Butiquarian, who stated, at the meetii^ of the British Asaocii^ 
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tion, held in 1874, that the collection of metal work in the Royal 
Irish Academy Bhowed that copper neapons, tix^U, &nd implement, 
wera in Ireland the foiemiinera of bronze or hiau, as well as of 

There were other andent natioiis to whom the nee of bronze and 
iron were alike familiar, at a time when the inhabitants of Western 
Europe were comparativuly barbarous. Thus, Mr. Rhind found ia 
tho tomb of Seban at Thebes — a place of sepultaie which he had 
reason to believe had not been opened for 2000 yeara — iron hnsps 
and nails on the massive doors of the inner repositories, " aa luBtrona 
and as pliant as on the day they left the forge." The ancient 
Egyptians alao posseaBed an art, which aeema to hare become lost, 
of making bronze of t partionlaTly 'fine temper, capable of taking a 
fine edge, aod keeping it. Sir Gardiner Wilkinson remarks that 
some of the bronze daggers found by him in Egyptian tombs wera 
so beautifully tempered that, after having lain buried for nearly 
3000 years, tiiej possessed, when dug np, an elasticity almost eqnal 
to that of fine steel. 

The AssyriauB also, as appears from the remains dug up by 
Mr. Layard at Nineveh, appear to have been well acquainted with 
iron as well as bronze, and the iron was probably the cheapest of 
the two metals. The iron was used for picks, hammers, knives, and 
saws. One of the meet interesting objects in the collection of 
Assyiian remains at the British Museum is a rusted saw, foimd in 
the north-weat palace at Nimroud — the age of which may probably 
tw about 880 B.C., though it may have been considerably earlier. 
< While the early Eastern nations were thus familiar with the uses 
of copper, iron, bronze, and other metals, the inhabitants of Europe 
were still living in the Stone Aga. The Danish antiquarians may 
thns have been led to form their theory, and to asBUme that the 
early tribes were led from the use of stone for tools and implemanla 
to the use of copper and bronze, and finally to the use of iran and 
steel. The theory may be quite true as r^ards the population of 
Europe ; and it is probable that with them icon was one of the last 
met^ to be diMcovered and used for weapons and tools. 

When Ccesar landed in England he fonnd the soutbem coasti 
ocoDiued by the Belgae. Their currency consisted of copper or iron 
rings, adjusted to a certain weight; and, as be states in the same 
breath, that tbo copper was imported, it is reasonable to infer that 
the iron was of home manufacture. " Tin," he says, " is fonn 
Ibf iulapd country, and iron along the owst; but of that 
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quantity is Bmall; the coppor they make use of is 
[Maacitar ibi plumbnm album in mediterreneU r^ooiba^ ii 
tinuB ferrain; sed ejns eiigna est copia: ^ra titmitiir imporlato. 
'De Bello Gallico,' lib. t. sect, i.] 

The Belgee, who inhabited the ooast, had brought with them tha 
art of making iron from the coDtineuL In the clay country of the 
Weald, there is abundance of iron ore, called "iron rag." It is 
a 8ort of pudding steae, composed of clay, gravel, and about 26 or 
30 per cent, of oxide of iron. It is easy to nnderatand how the 
Belgae would smelt out the iron — that ia, by erectii^ a oircntar 
hollow tower of clay, bound round with withes to prevent the clay 
from crackiDg, and provided with tubes of clay near the bottom, to 
supply sufficient otr to the fiimaee. A £re would then he kindled 
within it, charooal and iron would he poured in, one over the other, 
until the furnace was full. After thorough combustion, the clay 
furnace, after standing for a few days, would be broken open, and a 
qaantjty of fused iron fonnd nt the boltom, of the quality of steeL 
This could afterwards bo beaten out into variotu forms, according 
to the skill and experience of the ironworkers. 

Il, Smeltdio or Iron by Coke. 

Since the publication of this book in 1863, Dr. Perey Las 
liahed hia valuable work on Metallurgy. Be succeeded in ob 
ing bom Mr. Abraham Darby, of South Wales, the infonnstit 
relative to the smelting of iron by coke, which the author bad 
failed to get from Coalbrookdale, the headquarters of the Company. 
It appears that the son of the first Abraham Darby n'as one of the 
first to employ the process. Tbe following is the account, given in 
Dr. Percy's ' Metallurgy of Iron and Steel ' : — 

" As the supply of charcoal was fast failing, Abraham Darby 
attempted to smelt vrith a mixtnre of raw coal and charcoal, but did 
not succeed. Between 1730 and 1T35 he determined to treat pit- 
coal as his charcoal-burners treated wood. He built a fire-proof 
hearth in the open air, piled npou it a dicular mound of coal, and 
covered it with clay and oindara, leaving access to just sufficient air 
to maintain slow combustion. Having thus made a good atock of 
coke, ho proceeded to experiment upon it as a substitute for char- 
coal. He himself walolied tbe filling of hia furnace during six days 
ftnd nights, having no regular sleep, and taking bis meals 
fiirnaoe top. On the Nzth oTeniog, after many diaapfxunl 
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Ibe atperiment ancceeded, and the iron ran oat well. Ha tJieo fell 
uleep jn the bridge house at the top of his old-fashioned fiircaoo m 
conndlf that bis men could not vake him, and urried h'jm Bleeplog 
to hJB house, a ^uflrter of a mile dJBtitiit. From that time hk 
inccnaB was rapid. To increase the power of hia wator-wheela at 
twenty-four feet dininetar, he set np a "firoHjngino" (i.e. an oM 
ktmoapheiic steam-engine), to raise water &om under the lowest 
and lend it to the upper pond, which supplied water to the works, 
■ad put iu motion the largest bellows tiiat had been made. He 
obtained additional leases of valuable minerals, and erected seven 
fiimaces, with five fire-engines. In 1754 the first furnace at 
Horsehay was blown in. In December, 1756, 'Horaohay'a work' 
waB declared to be 'at a top pinnacle of prosperity, twenty and 
twenty-two tons per week, and sold off as fast as made, at profit 

Since the publication of our first edition, Mr. Norris, of Coa!- 
brookdale Ironworks, has supplied us with the following infor- 
matioii! — "In the days of Cold Blast, miueral fnel was always need 
in the Furnace in the form of Coke, and raw coal was not generally 
used until the introduction of Hot Blast. It was by cotiing the ccal 
that Abraham Darby succeeded in tnaking it available, and the 
Inerit of the application is as great as if raw coal had been used. 
That coal was really coked, we have evidence of dale as early as 
1718, as the following eztracte will show : 



■ 28" Old Blast Fiirn 
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Stack of Goat 
' New Blast FotnaceD' 
Andrew Cartwright coakiag' 135 Stack of coal,' — 

and these entries occur afterwards so regularly as to show that coal 

was coked and used invariably. Mr. Mason (see text, p. 84) muirt 

hare been taken by eutprise, and the Fellows of the Hoyal Kociety 

been asleep, or, what is more probable, the matter had been kept 

quiet to secure the success of the Works, iind to prevent objection 

to the iron being mode, iu favour of Cliarcoal I'igs, Riclucd 

[ Ford deserves to be credited with the merit of being the first who 

I mocesBrully cast the cylinders for Newconieu's Engines." 

I The substitution of coke for charcoal, in smelting the ore, in- 

I Telved the necessity of increasing the pressure of the blast : 

I iMOCe powerful blowing inachmea were substituted for bellows. 

V file firat produce of the blast furnace is pig or cast Iron — that is. 
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iron in combination with carboo and allicon. To tediiM this to 
Btata of malleable iron two methods are employetk One, the oldctt, 
GuDsists in the expoeure of tb« melted pig-iron in a finerj or heaitb, 
to the highly oxidiziog action of a blast of atmosphsrio air. The 
other, a more recent practice, conaiato in stirring the metled pig-irua 
(by the process called " puddling ") on the bed of a reverberstory 
furnace, so ae to bring each portion of the whole mass SDCCessJTely 
up to the surface, and allow the oxygen of the air to seize upon and 
combine with the carbon and silicon, wbicb become separated from 
the iron in the form of "cinder," leaving, as the product of the 
ojieration, malleable or wrought irou. Various methods of perfecting 
the procees of converting the cast iron into malleable iron or steel, 
have since been devised — by Bessemer, Siemens, CnunptMi, an^ 
others. 



III. Ihvkntioh 



i Slide-b 



Since the publication of the first edition of this book, Mr. Mauds- 
lay's merit as the inventor of the Slide-rest hiis been denied, Tbe 
lathe had long been well-known on the Continent, and foreign 
artiuma turned out very fine vork by its means. Something 
in tbe shape of a Slide-rert was also known and described in 
tnechanical books. The work of Flumier, 'L'Art do Tourner,' 
describes one. But the invention bad been altogether lost sight of 
in the workshops of Britain, until Mr. Maudslay invented or re-in- 
vented the SUde-rest for his own special uses. When he began his 
career as a workman, the tools in general use were of the clumsiest 
sort. There wore no self-acting tools. Everything was done by 
hand. "The rule of thumb" was the law of the workshop. Henry 
Maudslay devoted his life to the improvement of tootti, and tbe 
Slide-rest was his greatest helper. 

It appears, however, that a variation of the Slide-rest had already 
hcea introduced into Britain, most probably by a Dutch workman. 
The subject was brought nnder our notice by General Lefroy, R.A., 
while acting officially at Woolwich Arseoa!. His letter to us waa 
dated the 19th March, 186T, sbout four years after the first edil 
of this book was published. It runs as follows ; — 

"Deab Mb.S«ileb,— 

" I do not know what better nse I can make of the inclosed 
than by sondiog it, as tbe writer sugteUs tovou. Your interat- 
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lug Biognphiea have probably itxvted yoQ to all sorts or c 
OKtiona eren more frnperd'Ttenf than this will be considered. 

"The occasion ia aomenhat corioos. Mr. Anderson c&Ued mj 
attention to the circuroatanca of there being a alide-reat in tha 
machineiy of a model of a bnaa Poundry and boring-milt in tha 
Botonda at Woolwich, and wished to ascertain the date. On ex- 
amination, I detected a coatHDf-arms painted on the mould of a gun ; 
»od this coat-of-arms proves to be tha.t of Field-Marshal Couway, 
who was Cbmmander-in-Chief in 1762. T am not aware that be 
ever held any high office in the Ordnance; and it is not apparent 
why hia arma should be on the gun, but there seems to be no doubt 
aa to their identity. They are peculiar, and they suffice to fix 
the date. 

" To ma it is a suggestive fact. It would appear that Providence 
in a certain sense rewarded England for her righteous opposition to 
the principles of the French Revolution, by transplanting a great 
mechanical principle to our country, just as in the previous century 
we received important branches of industry, which were driven by 
letigious persecution from the Continent I do not tbink it detracts 
in any way from MandsUy's just honour, that he reoeiyed hia first 
idea from a foreign source. 

" Believe me, yours sincerely, 

" J. H. Lbteot." 



" Hachincty Department, Woalwich AthuI, 
'> IBCb Usrch, 1867. 
"Deab GaNsaiL Lzfbot, — 

"The Mills came from Holland about 1760, and I have no doubt 
but that the models were made at the time which yon name, 
1782-3. 

"If the above assumption is correct, it cuts under all that bos 
been written on the invention of the Slide-reat by the late Henry 
Mandslay. As yon are aware, he was born behind the ' Salutation' 
public-bonse, near the Arsenal Gate, in August, 1771. When 
quite a child, he became a cartridge-boy ; at fourteen, he was 
transferred to tha carpenter's shop in the Royal Laboratory ; at 
fifteen, to the smithy in t^e same department, or next door to the 
time slide-reBts, nune^, two ia tbe ' Dial' square, and one oa 
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ground separatiDg tha said smithy from the aorth-west c 
tbe Foundry. We can hardly belieTs it posaiblo that such i 
siE«baiiic as he we^ could have missed soeiug the new baring-milla 
tad their Sllde-reBta, MaudsUy loft the Arsenal when he vw 
eighteen ; then worked a few years with Brunah before he t 
foreman, when he invented tha Slide-reat. 

I suspect the French and the Dutch bad their slide-reiit 
before us. I will not enter into the grounds on which I hold 
opinion. But it is not Tery honest to ait still aiid allow thi 
to exist. But I feu the truth will hurt the national vanity very 
much. Have you read in Smilei's 'Industrial Biography' the 
interesting chapter on this subject 1 It might bo worth while to let 
him know the facts, and then he can please himself. 

" I have myself seen the slide-rosls before they wero destroyed 
in 1341 or 1845 by the late General Dundoa ; but was not aware st 
the time of the important historical link which they might have 
formed. I am mudi pleased to know that the model ia 
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"lai 
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The author is much pleased to have the opportunity of publish- 
ing these letters, as it is no part of hia intention to conceal anything 
respecting the progress of mechanics In BngUcd, This country 
was always indebted to foreign artiaans, who were driYen by re- 
ligious persecution to take refuge in England. In another book, 
' The Husuonots ; their Settlements, Churches, and Industries, in 
England and Ireland,' it has been shown, at considerable length, that 
they laid the foundations of skilled industry in this ooimtry. 

We have shown in the text (pp. 203-11) that the foreign artisatis 
were much better acquainted with the uses of the lathe than the 
English artizans were, at the end of last century; and wa arc 
doubtless indebted to them fur its invention as well as for that of 
the Slide-rest. Mr. Nasmyth — to whom we have shown the above 
letters — neverthetesa avers, that though the germs of it« principle 
and mechaniam were previously known in connection with turning 
lathee, we are still mainly indebted to Henry Maudslay for the 
inUodnctlon of the Slide-reat in its thoroughly developed form) 
and that ha must still "stand as the parent of its introduction to 
the workshops of England." 




BABBAGE'S CALCtJLATING MACHINE. 



IV, Me. Babbaok'b CAMULiTOto 

Mr. Babbage, before hia death, furnished ths author with the 
following acconot of his coutteotloa with Clemect, as regard* the 
invention of the Calculating Machine : — 

"At the commeDCemeat of the DifTorBoce Eogine, I wonted a 
persoQ to assist me in the drawingB, and afterwards, if necesiiary, to 
conatruDt the engine. 

"The lata Sir Isambard Brunei reoommeuded Mr. Clement ai 
likely to suit me, Ur. Clement then possessed one lathe, Bmall 
but veiy good, haviag also an excellent screw. His workshop, at 
that time, was his front kitchen. The lathe bad also a very valu- 
able Slide-rest, rather too large for it. His small stock of tools were 
all excellent of their kind. 

"Aa soon as any part of the DiEferenoe Engine was contrived 
and drawn, I proceed^ to aek Clement what was the received mode 
of making it. The plans then in use were tedious, aod demanded 
the skill of the very best of workmen. Now, ae I required an 
identity amongst hundreds, and even thousands of similar parte, 
the then existing methods were found insufficient. 

" I suggested special tools, and by the aid of Clement's admirable 
skill, and availing myself of hia practical knowledge, I arranged the 
plan of several new uachii^e tools. 

"So far was the first Difference Engine from not having a print- 
tog apparatus, that I well remember the discussion I had with 
Clement on its first suggestion. I remarked that J required 
wiiat X should call a co-ordinate moehine, which I explaiued to 
Clement, 

"I then sketched two slides at right angles to each other, and 
proposed to place these vertical aUdes at the back of a lathe having 
a cylindrical mandril. This plan was adopted, and at once gave us 
the command of the use of circular cutters, drills, and saws, over 
every part of the plane. Copper plates were impressed by steel 
figure pnnches on this machine. 

" Again, I required for making the bolts the vertical motion of & 
horiaontal plane upon a slide-rest. I proposed inclined planes m 
the wmplest method-, bat Clement preferred four screws drivoo 
by a central wheel, which probably was the best of Iba tm 
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** Under the demands of the Difference Engine, the number of 
machine tools increased, and Mr. Clement converted a large building 
at the htick. of his house into a workshop. 

^The improvements in tools are mainly due to the stronger 
system of iron framing now employed. Circular cutters, slides, 
slotting, and even planing machines, adapted to ornamental turning, 
maj' be found drawn and described in several of the older authors 
flu the subject." 
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Kendrew, John. Dnilington, Hai-ma- 




obioeryfnoto), 2BI. 


With coa] of Oliver CmmweU, Dag- 


Kennedy, John, of Manche-iMr ; hia 


ley, Major Wildnian, and Capt. 
Coplej-, 57 i Colonel Pn^er'a at- 




of family; limited education, 317- 


tempt, 58; tinplate mannfacture, 


18; journey to Lancashire. 319; 


W; Dr. BWttoae'i uttoDpt to 




tmell with coal. 77; decay of 1. 






ford and MacConne] aa nuchine- 


■brook Dale Worki ; incressed con- 


maliers and mala spinners, 321 ; 


nunptiiin of coal and coke, BO, 83 ; 




maniifactnre of east 1. poU, 80 ; 




Ford's mcceaafDl use of pit coal, 


phenson hia iiieuda. 322. 


84; Reynolds'! improved processes 




in I. manufactnrei the reterbera- 


lenanta, 137. 139; Watf. Hrst 


^tory fcraace invented, 88 ; first I. 


engifCfrMled there, 139. 


nils for tramwap, sad fiml 1. 


Knives, elasp tools, &c; early pra- 


fcridge, 86; great inerett-« In 1. 


ductJon of, lOO. 


Inde, 93 ; Onions' patented pro- 




ceet, 115 ; Cort's improvements in 


LAKB-dwellerB, the Swiss, 7. 




Lathe, (he screw, 266. 


IS ; Can«a 1. Works started, 135 ; 


, the slide, 207, 211,325, 245. 


Dr. Bnebuck's patent for treating 


, and turning, middle ages, 208. 


fig I., 115. 136; Roebuck rn- 


, the hand. 212. 


mvea blowing apparatus, 137; 


Leedi, bell pits, early iron worka, 29, 


L«age,O.L.C1760).Tel^rapby,17S. 


hn^, and imporlant results, 141- 


LilhogiBphy, an art long known, 172. 
Lotto;— of the ancient Egyptiaaai 


48; Neilson invenp the hot-blast. 


141. 149 ; hia paleet, 157; tint I. 


Barron's tumbler lock; Braraah-a 


ifcili^337i first 1. bnildings, 330. 


lock picked by Hobbs, 186. 


Bee Steel. 


Locomotive engint., 363, 270. 


in Trade;— I. eiported by the Ro- 




uuu, IS; Mrly supply of 1. from 


MAOHiHB tooli and hand work, IBO, 


Bjiain, 25; catly importationa of L, 


182, 311. 


, 


^^^^^H 



Uuhine tool'msking, pionMn En, 3S9. 

UKbiDerTi id introilactiDn oppased, 
ie&-67 1 its benelinnt uca and bu- 
pmucf , 333. 

Mbcdua, a., and oDsstiictia secuU, 
174. 

Mantlmll, C. (1T53), teli^niph}', 175. 

Maudalif, Heniy, BrBtnali'i leading 
workoiui, 187; luventa leatber 
collar for h^nallc press, 189, 
90S; birth and parentage, ISS; 
powder-monkey at Woolwich Ar- 
kdbI ; put into the carpeotera* 
ahop ; piefdra the smlthj, and ia 

and deiteiit; at the forge, 200; 
«Dt Tor and emplofed bj Bramah, 
301 ; npid improiement i the hero 
•T hie shop; appoioted head faro- 
nun ; hii tilial aflection, 303 ; hia 
mrmtiona in tool-mnking, 201 ; 
begin! busineaa; hia fiist emithy 
and first job, 305; inventa the 
slide reat, 307. 211, SIS; it en- 
countara ridicule, hot becomea es- 
tablkhed ; a the parent of ihe 
pbniug maohine, and other self' 
acting tools; Naamjth's eulogium, 
915; the aUde-rest aaed for Bru- 
nei's ship's block) manutacturs, 
315, 319; makes the luachiiier; 
for Bronel ; its intritaj^ lud many 
puia, £31 ; incresaed business and 
nninence of the Sua of Maudslay 
and Field ; patents a ateam engine, 

invents Che pundiing machine, 
£34 ; further improvements in the 
laUie; improvem^ts in screw- 
cuttii^, 2£,S; his neatoeas and 
hre of order, 337 ; pride in the 
etcelleoce of his voA, 3£a ; Nas- 
myth'a deecripijon of hia character, 
SaS; his distinguished fiiends and 
visiioTB, 231; trails of character, 
£32; indifference to patents ; mode 
(if estimating iuventois and others, 
333 ; hia death, 335. 
Meciuuuod contriraoce and bUU, and 

MtUb, fusible nuiga of^ ft 



Uiller, Patriot:, and the so 

179, 177. 
Mill gearing, Murray, 363 ; 



by Fur 



1,393- 



r, U C174S),telegnipliy. 175. 

Murray, Hatt., of Leeds, hia planing 
mnchine described ; his birth and 
pfuontage, 360 ; apprenticed to a 
blackjunitit ; employed by Blur- 
sball of Leeds ; improres flai ma- 
chinery, 261 ; commeDcesbmrnns; 
his imprarements on the steam- 
engine ; jealouBy of BoolfoB and 
Watt; his D slide ralce; mikua 
locomotive for Blenkmsop, 36£ ; 
invents the heckling machine; his 
skill in roill gearing, 263 ; im- 
provemiints in tools ; Ms death, S64. 

Muahet, David, discovers the Blsck 
Bfind ironstone, 141; lurth and 
euly life; accountant at Gyde 
ironworks; successful aiperimenls 
in assaying, 142 ; account of his 
labours, 144 ; his " Papers on Iran 
and Steel," 147 ; naults of hia la- 
bours ; diacorera Titanium ; his 
writings; his death, 148. 

Nabmtth, Alei., painter, 276 ; a 
deileroua mcohonio ; eiperimenli 
with paddle-boats, Ik., £77. 

Nesmyth, James, on the alidc rest. 
£14; on Maadslaj't merits, 229; 
tinditional origin of the Nasmyth 
Qunily, 275 ; James, his birth and 
education, and &mily ; story of his 
life told by himself, 377 ; makes 
hia (iret stenm engine, 278 ; makes 
a steaoi Duriage for common roads, 

ployed by Maudslay as his owu 
privatenorknuui; modest estimate 
of his own worth ia wag«, 380; 



London ; retui-oB U> Edinburgfa, 
2S 1 ; b^ina business in Haiic!M*> 

t«r; establishes the Bridgewaltf 
foundi7; " ■ 





ioTentioa by a 
patent ; beiuty oad precujan of 
action of the himmer, 288; its 
impOTtAUt UBfd in modem engineer- 
ing, 389-90; iDieitU tfae slfam- 
pile-iririDg raadiine ; it is em- 
plojDd by Itobert Stephenton on 
his ereat works, S91 ; his pyra- 
mid^ Bteam rogine and (team urn 

ter for toothed wheels; his jm- 
piDTements ia inm-foon^g, 29^ ; 

how he Scotched a stHke, 293 ; 
hi? npinton that theeSect ofstrilies 
ia to Etimnlate inTention, S94 ; re- 
tlrement from bndncu ; his artistic 
tsate and skill ; his ipMiilatioiia on 
the GuneifoTIn charActer, 295 ; con- 
itmcta a tdfflcope ; hie aatronomical 
nHTches and wonderful dtiooTeriea, 
deacribedb7SlrJohnIIemhel,29e. 

Ktamjrth, Jean, martfr lo ignoiance, 
' burnt, 29B. 

Kapier'a logaiitlimi, 233. 

Keilaon, Jaa. B., inveula the hot 
blast, 141; birlh and parentage; 
booomea engine-fireman, 150; ap- 

riticed as working enpneer under 
brother ; colliery engin&-w right, 

■of the Gl»go« Gasworks ; 
hia lelf^dacatiDa ; imprDremenls in 
gai Dunafacttire ; bis Workmen's 
Inatitate, 153 ; experiments in iron- 
Blling, 154 ; inretils the hot' 
it, 1 55 ; bia patent and partnei-s, 
r ; pateat light disputed but 
(■tobliahed, 158; hia retirement 
frMn boaineu ; hii philantbropy 
and wall camtd honoars, 159. 
rXew Zealand, toola ornatires, 2, 3. 
~ " 1, iron manulactunn, 33 : 

ir mechanics, 210. 

L Boripiai water worbi, Bramah, IBS. 



Otaheile, tooU of Datiies, 2, 3. 

PaI-iK, Desia, and stUKiepheric loco- 
motion, 172; anieethetic agents, 
I7-H77. 

Penn and Sana, endues of the ' War- 
rior," 182; character of their woii, 
22S. 

Penn, Win.,«n iron manuftolarer, 35. 

Pile-JriTiug machine, iilegm, 291. 

Planing Rwchine, the, for ij-on, 249, 
259, 364, 2(i6, 273, 2B2, 

for wood, 192,318. 

rliij, Le, reports, jic., on cHst-steel 
main&cturei, 103, 108, 114. 

nuniier's work on Tumjnp;, 208.f). 

Printing, the ai-t known lo tlie Jio- 
nvuB ; its antiquitj in China, 172, 

Paoching machine, 224, 271. 

RiBT, A,,and Cort'siUTention, 121, 
Kajla. ii-on, for tramroads, tbe liist, 89. 
EaJeigh, Sir W., on aiportiug ord- 

Reaping^diiiie in 1577, 173. 
Reed, Heniy, and steel-man uBict., 112. 
Kepslry of real estate, y»rr«nton'a 

Religions persecutions and difTusion oi 
■killed indaslrj, 67. 

Keverberatory faraace, 85, 119. 

Keiynolda, Rd„ Coalbrookdale, Inrth, 
84 ; marries dau^ler of Ab. Darby 
11.; Joins the CoalbrDokdale firm, 
85; hii improTod processes of iron- 
manufacture, 8G ; invents onsb-iron 
Tails for tramroads, 89 ; his remon- 
strance against the threatened tai 
en coal, 93 ; rctiroa from the firm ; 
the beauty of hia character, 95 j 
his habits ; inddenia in his life, 96 : 
bis death. 98. 

Kejnolds, Wm., his improvemenla In 




RiTtr navigHtiaiu, plani of Tirtaalna, 

63. 65, 77. 
Rireting mHchlne, 329. 
Robertj, Richsrd, of M»ncbMlar, 178 ; 

ffl«t prolifio Bs an inverxtor ; Urth; 

a quajTymaD ; Liking tor m^chanica, 

""■ aJBttarn- ' 



the n 



a»aji 



. . leitt in MsBcIiester, '^65 ; 
ma to Londou ; employed bj 
Mnudslay ; retums to Manchestet ; 
his sectnr tar aidng wbuk; im- 
pTDTed ficrew-1»tJie ; wet g«^ineter ; 
planing machine 2G6 ; hji kh«^ 
cutting enginv, broocLiing ina<:tiine, 
■lotting machine, &c.; his machine 
for m^iig ffesven' reeda the com- 
ineoc«n:ieiit of ttie firm of Sharp, 
Roberta, and Co., Atlaa Works ; hla 
powap-loonu; hia famoui self-aot~ 
ing mulB, 267-70; arranges and 

his numerauB palcnla far proceaaes 

billiard tables; his improTementa 
in the locomotive steam-brake, S70; 
DKiita Bid repotatien of the firm; 
hia Jacquard punobing machine, 
271 ; bis shearing ana puncliing 
machine ; his tun'et-dof^ ; prize 
electro-magtiet ; dgar-making ma- 
ohiue ; improvements in stfam- 
abips; elongated rills projectiles, 
£73 ; [oanr have gained largely by 
his fertility of inTcntlon; he i» left 
poor, 273. 

Roche, T, de ia, and ana pictures, 175. 

Itoebnck, Dr. John, 115; birth, (du- 
CHlJiu, and early life, 133 ; settlei 
at Birmingham aa a phyuoan ; 
inreatigation ■ ' " ■ 



Mr. Garbett ; he mann&cturea 
vitriol and pottery ; starts the 
Canon Iron Works, 135 ; hia pa- 
tent, 115, 136; improTea blowing 
j^ipaiatus ; residence at Kinnei) 
House ; leasfs coal-mines and 5all- 
panc, 137; obtains the aasistanea 
of Jamca Watt and beooouK hia 
fartner, 313 : liii looee and min, 



140; transfera interest in Watt'i 
enpne to Boulton ; Watt'a opinJOB 
of Roebuck, 1 40 ; hia death, 141. 
Romans, the, introduced iron>aiaiiv 
&cture into England, 15; iron ei> 
ported by them, 16; knew the art 
of priating, 172 ; knew of gOD- 
powder, 173; hyclropBlhy, 174. 

StvAQR life, implemmfB oC, 2-5. 
SawlDg-mtuhiiierr, 165,195,318,221, 
Schwenter (1636), tel^[r^y, ITS. 
Scotch Iron-trade, its eitensiaa, 141 

eiporta to England, 160. 
Scotland in early timee, sordtj rf 

iron in, marauding aeizntaa, S3; 

its tmirds famous, 34. 
Scott, Sir W., early life, 300. 
Screw-eutting machinery, tx., 3211, 

240, 248, 249, S73. 
Self-acting mule at Roberta and alhen, 

267, 269 ; the ladial ann, -J70. 
Shearing and pundung machine, ST!. 
Sheffield, ita (nrly iron and sled mr 

nnfactnras, 100; Ftemish wurkmoi, 

101; greatly indebted to Hontr 

man. 109 ; practtcal skill of tU 

workmen, 113; production and e» 

porta of cast-steel, 114. 
Sheffield, Lord, and H. Cort, 116. 
Sheila (ordnance) iirst made, 34. 
Shlp-buildiug, iRiprovsnenta in, 3T9 

first inm ships, 339. 
Slid^lathe the origin of the pLimpg> 

machine, 214, 225. 
Smeaton, .las., luid Dr. Koebnck, 13T 
Smith, narae of, 21, 
Smith, the, his first simple tools, 30. 
Smiths in early times, their import 

ance and rank, 10, 17, 23, 
Spanish Armada, scarcity of iroD, 24. 
Spain, early supply of iron from, 2b. 

Steam-en^ne, improren of: see Brfr 
nub, Maudslay, Hurray, Nasmyth, 

and Watt. 
Stearo-gnn an old iovention, 174. 
Sloam-hammer, 283. 

tolheancienis, 171. 






a. 173. 



riion of iruB iatoi Hj 



V tlTOKX. 3SS ^H 


H STBEL. 


rABaiHTOM. 


B blialered, shear, and Taggot >l«d. 


WARBigR, Om, Hi^n« of, 182. 


■ 101; iaa(^b«1 and iti qiiiUtla, 


Walet whoels improved. 328. 


■ lOSi B<»uiier'i procee. 111. 


Watt, Ju., improvement of the .iwua 


■ .StttJjitrd Co. of For. MeruhUib, 43. 


engioa, and .ncre«od demand tor 


■ oumn,0ug.,atiuiui<il Uoiik,137. 


Loo, ISO; erects fii« eitgiue at 


H Stmie period ia hichiry. 6. 


Kiiuudl 1 beeomes inrtcer with Dr, 


■ Stourbridge, dBrtnidire flood, 49. 


lieebiic^, 139: Boultoo leoima 


■ Strikes Bod tbeir ^ecte, 293-91, 313. 


Watfa partner v. Dr. Roebur.V, 


■ Slnitl, Win.. Klf-Mliag mule. 289. 


140; Wfltt's saa pictun*, 175: 


' Son, th« n-ture ot iu iinf*«, 298. 




Soaiex, eao-lj iroD-worltB in, 16. 31 ; 


WrdgwDod, Tht*., aiid tua pictuia. 


aumon firrt mai, in. 33 ; hdght 


175. 


irf prosperitj of iroo-trsde, 37 ; 








gwi»ij«dw«m.^7. 


trained in the workihot* of Mands- 


SiroidB, nmgiu am! eautuated. IS ; of 


lajr and Clement) hie Sfaton ot 




Kiew-Ilreads ; his "Jim Crow" 




phmiug mnddiH ; hit method •>• 


T&iUEa and Serero. »,hi?ine for join- 


aeciiring s true plane. 373; hit 


ing, 05. 




Tilt Hummer, the, 283-t. 


and pmjeotUfs. 274. 


Tin^Iate niiuiu&(W«, S6. 


WorkmeuMnstitute, Neiki>a\ 112. 


Tool outon, orly, the sniith, 1<>4. 




T«»Ji,«rtj, onKim.flUit,fci, 2-6, 183. 


XutOASTOn, ADdiew, liO; biilli; 










ohineiy opposed. 165, 211. 


public reward for services, 61 ; hi. 


■ , oiodeis, Ihdr peirKticn, 182. 




, h»od and machine, 299, 332. 


impriuouuieul, i>3-, racspe and re- 


.nwiine.iniprovetiof: s«e Bni- 


L-apture; plana lor improving in- 


nuh, a«n«it, Foi, Maudiiay, Uur- 


Inod navigntioD, tiS ; improremenl 


nj, Naamyth, Robertfi, WMlworth, 


of agriculture, kb ; plauB doda foi 
Loudon; his titi-pbte manuToo- 


"Ti«tiMofMBtaUica,"4S. 


Tnanelliog at anoent Babylon and 


ture ; acijuii-ed the ait iu Saioov. 




66 ; is thwrntei by Chamberlain;-! 


Turomg and lathe^ rteumt of th« 


patfiut, 68; tiavela ui Hollan.i, 


hkioiy or, 207-13. 






Yimou* projecla. 70, 71, 74; hii 


DcHiTlDS, Major, and ited rouiiifiw- 


'■ Engliuid's Iropfovcment by Sis 


tur«, 118- 


>od Land," 71. 74; proposed laud 




bank and registry of real estate. 


riunCE, ancient, weapons with mo- 




deni improvenjent* ia Arwnal Mu- 


iron minmg; sorveya Dunkirk 


nm.. 1T3. 


port, 75; riewa in advann of hi' 


Vinci. Leooardo da, tho iteun gun and 


■go, 36; his opiuiou on home- 


am punting, 17*. 


produced ii-ou iu time of woi', 79. 
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